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1
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to semiconductor devices
utilizing semiconductor characteristics.

2. Description of the Related Art

In recent years, a metal oxide having semiconductor char-
acteristics called an oxide semiconductor has attracted atten-
tion as a novel semiconductor material having high mobility
provided by crystalline silicon and uniform element charac-
teristics provided by amorphous silicon. The metal oxide is
used for various applications. For example, indium oxide,
which is a well-known metal oxide, is used for a light-trans-
mitting pixel electrode in a liquid crystal display device, a
light-emitting device, or the like. Examples of such a metal
oxide having semiconductor characteristics include tungsten
oxide, tin oxide, indium oxide, and zinc oxide. Transistors
each including such a metal oxide having semiconductor
characteristics in a channel formation region have been
known (Patent Documents 1 and 2).

REFERENCE

Patent Document 1: Japanese Published Patent Application
No. 2007-123861

Patent Document 2: Japanese Published Patent Application
No. 2007-096055

SUMMARY OF THE INVENTION

Electrical characteristics (e.g., threshold voltage) of a tran-
sistor used in a semiconductor device need to be hardly
changed due to deterioration over time. In particular, in a
circuit including transistors having the same conductivity
type, a potential output from the circuit is easily influenced by
the threshold voltage of the transistor. Thus, the allowable
range of the threshold voltage of the transistor in the circuit
including transistors having the same conductivity type tends
to be narrower than that of a CMOS circuit. Accordingly, in a
semiconductor device, especially, a semiconductor device
that includes a circuit including transistors having the same
conductivity type, it is important to use transistors whose
electrical characteristics are hardly changed due to deteriora-
tion over time in ensuring reliability.

Desired electrical characteristics of a semiconductor ele-
ment in a semiconductor device vary depending on circuit
design. In the case of an n-channel transistor that needs to be
off when gate voltage is lower than or equal to 0V, that is,
needs to be normally off, the threshold voltage needs to be
higher than 0 V. Accordingly, the threshold voltage of the
transistor needs to be hardly changed due to deterioration
over time and to have an initial value which makes the tran-
sistor be normally off.

In view ofthe above technical background, it is an object of
the present invention to provide a semiconductor device
including a normally off transistor. It is another object of the
present invention to provide a highly reliable semiconductor
device.

An initial value of the threshold voltage of a transistor and
the amount of change in threshold voltage due to deterioration
over time vary depending on relation between the layout of a
semiconductor film and the layout of a conductive film func-
tioning as a source electrode or a drain electrode. In one
embodiment of the present invention, this relation can be used
to achieve the above object.
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Specifically, a semiconductor device according to one
embodiment of the present invention includes a gate elec-
trode, a gate insulating film, a semiconductor film that over-
laps with the gate electrode with the gate insulating film
positioned therebetween, and a source electrode and a drain
electrode that are in contact with the semiconductor film. An
end portion of the semiconductor film is spaced from an end
portion of the source electrode or the drain electrode in a
region overlapping with the semiconductor film in a channel
width direction.

When an end portion of a semiconductor film including an
oxide semiconductor is exposed to plasma by etching for
forming the end portion, chlorine radical, fluorine radical, or
the like generated from an etching gas is easily bonded to a
metal element contained in the oxide semiconductor. Thus, in
the end portion of the semiconductor film, oxygen bonded to
the metal element is easily eliminated, so that an oxygen
vacancy is easily formed. However, in one embodiment of the
present invention, with such a structure, an end portion of the
semiconductor film that overlaps with neither a source elec-
trode nor a drain electrode, that is, an end portion of the
semiconductor film in a region different from the region
where the source electrode and the drain electrode are formed
can be made long. Further, in the end portion of the semicon-
ductor film that overlaps with neither the source electrode nor
the drain electrode, that is, the end portion of the semicon-
ductor film in the region different from the region where the
source electrode and the drain electrode are formed, the den-
sity of a line of electric force extending from the drain elec-
trode to the source electrode can be lowered to decrease an
electric field applied to the end portion. Accordingly, even
when an oxygen vacancy is formed in the end portion of the
semiconductor film, leakage current flowing between the
source electrode and the drain electrode through the end
portion can be reduced when a transistor needs to be turned
off. Consequently, the threshold voltage of the transistor can
be controlled so that the transistor is normally off.

In one embodiment of the present invention, by decreasing
an electric field applied to the end portion of the semiconduc-
tor film, it is possible to prevent an electron (carrier) from
being trapped in the gate insulating film from the end portion.
As a result, changes in threshold voltage can be suppressed,
so that the reliability of the semiconductor device can be
increased.

In one embodiment of the present invention, with such a
structure, a semiconductor device including a normally off
transistor can be provided. Further, in one embodiment of the
present invention, with such a structure, a highly reliable
semiconductor device can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1C are a top view and cross-sectional views of
a transistor;

FIGS. 2A and 2B are top views of transistors;

FIGS. 3A to 3D are atop view and cross-sectional views of
a transistor;

FIG. 4 is a top view of the transistor;

FIGS. 5A and 5B are top views of the transistor;

FIGS. 6A to 6D are atop view and cross-sectional views of
a transistor;

FIGS. 7A and 7B are top views of the transistors;

FIG. 8 is a graph showing the measured amount of change
in threshold voltage and the measured amount of change in
shift value;

FIG. 9 is a cross-sectional view of a transistor;
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FIGS. 10A to 10D illustrate a method for forming a semi-
conductor device;

FIGS. 11A to 11C illustrate the method for forming a
semiconductor device;

FIGS.12A to 12C illustrate structures of a shift register and
a sequential logic circuit;

FIGS. 13A to 13C illustrate a structure of a semiconductor
display device;

FIGS. 14A to 14F illustrate electronic devices;

FIGS. 15A and 15B show band structures of a stack of
oxides according to one embodiment of the present invention;

FIGS. 16A and 16B are graphs each showing relation
between gate voltage and drain current of a transistor;

FIGS. 17A and 17B are graphs each showing relation
between gate voltage and drain current of a transistor; and

FIG. 18 is a cross-sectional view of a transistor.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described in
detail below with reference to the drawings. Note that the
present invention is not limited to the following description. It
will be readily appreciated by those skilled in the art that
modes and details of the present invention can be modified in
various ways without departing from the spirit and scope of
the present invention. The present invention therefore should
not be construed as being limited to the following description
of the embodiments.

Note that the present invention includes, in its category, all
the semiconductor devices that include transistors: for
example, integrated circuits, RF tags, and semiconductor dis-
play devices. The integrated circuit includes, in its category,
large scale integrated circuits (I.SIs) including a micropro-
cessor, an image processing circuit, a digital signal processor
(DSP), and a microcontroller and programmable logic
devices (PLDs) such as a field programmable gate array
(FPGA) and a complex PLD (CPLD). Further, the semicon-
ductor display device includes, in its category, semiconductor
display devices in which transistors are included in driver
circuits, such as liquid crystal display devices, light-emitting
devices in which a light-emitting element typified by an
organic light-emitting element is provided in each pixel, elec-
tronic paper, digital micromirror devices (DMDs), plasma
display panels (PDPs), and field emission displays (FEDs).
<Aspect 1 of Transistor>

FIGS. 1A to 1Cillustrate one aspect of a transistor included
in a semiconductor device according to one embodiment of
the present invention. FIG. 1A is a top view of a transistor 10.
FIG. 1B corresponds to a diagram illustrating a cross-sec-
tional structure of the transistor 10 in FIG. 1A taken along
broken line A1-A2. FIG. 1C corresponds to a diagram illus-
trating a cross-sectional structure of the transistor 10 in FIG.
1A taken along broken line A3-A4. Note that insulating films
such as a gate insulating film are not illustrated in FIG. 1A in
order to clarify the layout of the transistor 10.

Asillustrated in FIGS. 1A to 1C, the transistor 10 includes,
over a substrate 11 having an insulating surface, a conductive
film 12 functioning as a gate electrode, a gate insulating film
13 over the conductive film 12, a semiconductor film 14
overlapping with the conductive film 12 with the gate insu-
lating film 13 positioned therebetween, and a conductive film
15 and a conductive film 16 that are in contact with the
semiconductor film 14 and function as a source electrode and
a drain electrode.

In FIGS. 1A to 1C, an oxide film 17 is provided over the
semiconductor film 14, the conductive film 15, and the con-
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ductive film 16. In one embodiment of the present invention,
the oxide film 17 may be a component of the transistor 10.

In FIG. 1A, a direction in which a carrier moves between
the conductive film 15 and the conductive film 16 in the
shortest distance is referred to as a channel length direction
(indicated by an arrow D1). In addition, in FIG. 1A, a direc-
tion perpendicular to the channel length direction is referred
to as a channel width direction (indicated by an arrow D2).

In one embodiment of the present invention, an end portion
of'the semiconductor film 14 is spaced from an end portion of
the conductive film 15 or the conductive film 16 in a region
overlapping with the semiconductor film 14 in the channel
width direction. From another perspective, it can be said that
in the transistor 10, the width Wi of the semiconductor film 14
in the channel width direction is larger than the width Wsd of
the conductive film 15 or the conductive film 16 in a region 18
where the conductive film 15 or the conductive film 16 over-
laps with the semiconductor film 14 in the channel width
direction.

Note that in one embodiment of the present invention, end
portions of the semiconductor film 14 are spaced from end
portions of the conductive film 15 and the conductive film 16
in the channel width direction in the region 18. FIG. 1A
illustrates an example in which the end portions of the semi-
conductor film 14 and the end portions of the conductive film
15 and the conductive film 16 in the region 18 have a space
Wd1 and a space Wd2.

In one embodiment of the present invention, with such a
structure, the transistor 10 can be normally off, and changes in
threshold voltage can be prevented. The reason for this is
described in detail below.

Lines of electric force (indicated by broken arrows) are
shown between the conductive film 15 and the conductive
film 16 in the top view of the transistor 10 in FIG. 2A. FIG.2A
illustrates lines of electric force at the time when the transistor
10 is an n-channel transistor, the conductive film 15 is a drain
electrode, and the conductive film 16 is a source electrode.

In the transistor 10 in FIG. 2A, the lines of electric force
extend from the conductive film 15 (drain electrode) to the
conductive film 16 (source electrode). In the transistor 10, the
lines of electric force exist in a region 19q including a path
through which the conductive film 15 is connected to the
conductive film 16 in the channel length direction indicated
by the arrow D1 in the semiconductor film 14. Further, in the
transistor 10, the lines of electric force exist not only in the
region 19a but also in a region 195 that is off the path in the
semiconductor film 14 to wrap around the conductive film 15
and the conductive film 16.

Next, FIG. 2B illustrates a top view of a transistor 20
having a structure different from that of the transistor 10 and
lines of electric force (indicated by broken arrows) as a com-
parison example.

The transistor 20 includes, over an insulating surface, a
conductive film 22 functioning as a gate electrode, a gate
insulating film (not illustrated) over the conductive film 22, a
semiconductor film 24 overlapping with the conductive film
22 with the gate insulating film positioned therebetween, and
a conductive film 25 and a conductive film 26 that are in
contact with the semiconductor film 24 and function as a
source electrode and a drain electrode.

Inthe transistor 20, an end portion of the conductive film 25
or the conductive film 26 is spaced from an end portion of the
semiconductor film 24 in a region overlapping with the con-
ductive film 25 or the conductive film 26 in the channel width
direction indicated by the arrow D2. From another perspec-
tive, it can be said that in the transistor 20, the width Wi ofthe
semiconductor film 24 in the channel width direction is
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smaller than the width Wsd of the conductive film 25 or the
conductive film 26 in the channel width direction.

FIG. 2B illustrates an example in which end portions of the
conductive film 25 or the conductive film 26 and end portions
of the semiconductor film 24 in the region overlapping with
the conductive film 25 or the conductive film 26 in the channel
width direction have a space Wd3 and a space Wd4.

FIG. 2B illustrates lines of electric force at the time when
the transistor 20 is an n-channel transistor, the conductive film
25 is a drain electrode, and the conductive film 26 is a source
electrode.

In the transistor 20 in FIG. 2B, the lines of electric force
extend from the conductive film 25 (drain electrode) to the
conductive film 26 (source electrode). In the transistor 20, the
lines of electric force exist only along a path through which
the conductive film 25 is connected to the conductive film 26
in the channel length direction indicated by the arrow D1 in
the semiconductor film 24.

Thus, when the end portions of the semiconductor film 14
in FIG. 2A are compared to the end portions of the semicon-
ductor film 24 in FIG. 2B, end portions of the semiconductor
film 14 in the transistor 10 that overlap with neither the
conductive film 15 nor the conductive film 16 (i.e., end por-
tions of the semiconductor film 14 in a region different from
the region where the conductive film 15 and the conductive
film 16 are formed) are longer than end portions of the semi-
conductor film 24 in the transistor 20 that overlap with neither
the conductive film 25 nor the conductive film 26 (i.e., end
portions of the semiconductor film 24 in a region different
from the region where the conductive film 25 and the conduc-
tive film 26 are formed).

When the lines of electric force of the transistor 10 in FIG.
2 A are compared to the lines of electric force of the transistor
20 in FIG. 2B, the density of lines of electric force in the end
portions of the semiconductor film 14 in the transistor 10 that
overlap with neither the conductive film 15 nor the conductive
film 16 can be lower than the density of lines of electric force
in the end portions of the semiconductor film 24 in the tran-
sistor 20 that overlap with neither the conductive film 25 nor
the conductive film 26. In other words, an electric field
applied to the end portions of the semiconductor film 14 in the
region different from the region where the conductive film 15
and the conductive film 16 are formed can be lower than an
electric field applied to the end portions of the semiconductor
film 24 in the region different from the region where the
conductive film 25 and the conductive film 26 are formed.

In the case where the semiconductor film 14 and the semi-
conductor film 24 each include an oxide semiconductor,
when the end portions of the semiconductor film 14 and the
semiconductor film 24 are exposed to plasma by etching for
forming the end portions, chlorine radical, fluorine radical, or
the like generated from an etching gas is easily bonded to a
metal element contained in the oxide semiconductor. Thus, in
the end portions of the semiconductor film 14 and the semi-
conductor film 24, oxygen bonded to the metal element is
easily eliminated, so that an oxygen vacancy is easily formed.

However, in the transistor 10, the end portions of the semi-
conductor film 14 that overlap with neither the conductive
film 15 nor the conductive film 16 can be made long as
described above. Further, in the transistor 10, in the region
different from the region where the conductive film 15 and the
conductive film 16 are formed, an electric field applied to the
end portions of the semiconductor film 14 can be decreased.
Accordingly, even when an oxygen vacancy is formed in the
end portion of the semiconductor film 14, leakage current
flowing between the conductive film 15 and the conductive
film 16 through the end portion can be reduced when the
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transistor 10 needs to be turned off. Consequently, the thresh-
old voltage of the transistor 10 can be controlled so that the
transistor 10 is normally off.

In the transistor 10, by decreasing an electric field applied
to the end portion of the semiconductor film 14, it is possible
to prevent an electron (carrier) from being trapped in the gate
insulating film 13 from the end portion. As a result, in the
transistor 10, changes in threshold voltage can be suppressed,
so that the reliability of the semiconductor device including
the transistor 10 can be increased.

Further, in one embodiment of the present invention, a
metal oxide may be used for the oxide film 17.

The use of the oxide film 17 having such a structure can
space the semiconductor film 14 from a film containing sili-
con even when the film containing silicon is provided over the
oxide film 17. Thus, in the case where the semiconductor film
14 contains indium, silicon, which has higher oxygen bond
energy than indium, breaks the bond between indium and
oxygen in the end portions of the semiconductor film 14 that
overlap with neither the conductive film 15 nor the conductive
film 16 and can prevent generation of oxygen vacancies. As a
result, in one embodiment of the present invention, the reli-
ability of the transistor can be further increased.

In order to prevent a channel region of the semiconductor
film 14 from having n-type conductivity due to an oxygen
vacancy, the concentration of silicon in the semiconductor
film 14 is preferably lower than or equal to 2x10'® atoms/cm®,
more preferably lower than or equal to 2x10"7 atoms/cm?>.

Note that the conductivity of the metal oxide is lower than
that of a metal oxide used as an oxide semiconductor in the
semiconductor film 14. In order to achieve such a structure,
for example, in the case where an In—Ga—Zn-based oxide is
used as a metal oxide in the oxide film 17, the metal oxide in
the oxide film 17 preferably has an atomic ratio where an
atomic percent of In is lower than that of In in the atomic ratio
of the metal oxide used for the semiconductor film 14. Spe-
cifically, the oxide film 17 can be formed by sputtering using
an In—Ga—Zn-based oxide target having a metal atomic
ratio of 1:6:4 or 1:3:2.

Note that FIG. 1A and FIG. 2A each illustrate an example
in which the end portions of the semiconductor film 14 and
the end portions of the conductive film 15 and the conductive
film 16 in the region 18 have the space Wdl and the space
Wd2. In one embodiment of the present invention, the above
effect owing to one embodiment of the present invention can
be obtained even when one of the space Wd1 and the space
Wd2 does not exist. However, the structure examples of FIG.
1A and FIG. 2A where both of the space Wd1 and the space
Wd2 exist are preferable because the above effect can be
enhanced.

In the case where an oxide semiconductor is used for the
semiconductor film 14, metal in the conductive film 15 and
the conductive film 16 extracts oxygen from the oxide semi-
conductor depending on a conductive material used for the
conductive film 15 and the conductive film 16. In that case, a
region in the semiconductor film 14 that is in contact with the
conductive film 15 and the conductive film 16 has n-type
conductivity due to generation of oxygen vacancies. FIG. 18
is a magnified view of a region 65 that is part of the transistor
10 in FIG. 1A. In FIG. 18, a region 14 in the semiconductor
film 14 that is in contact with the conductive film 15 and the
conductive film 16 has n-type conductivity.

Since the region 14% having n-type conductivity functions
as a source region or a drain region, contact resistance
between the semiconductor film 14 and the conductive films
15 and 16 can be lowered. Thus, by forming the region 14n
having n-type conductivity, the mobility and on-state current
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of the transistor 10 can be increased, so that the semiconduc-
tor device including the transistor 10 can operate at high
speed.

Note that metal in the conductive film 15 and the conduc-
tive film 16 might extract oxygen when the conductive film 15
and the conductive film 16 are formed by sputtering or the like
or might extract oxygen by heat treatment performed after the
conductive film 15 and the conductive film 16 are formed.

Further, the region 147 having n-type conductivity is easily
formed by using a conductive material that is easily bonded to
oxygen for the conductive film 15 and the conductive film 16.
The conductive material can be, for example, Al, Cr, Cu, Ta,
Ti, Mo, or W.
<Amount of Change in Threshold Voltage>

Next, the amount of change in threshold voltage of the
transistor 10 in FIG. 2A and the amount of change in thresh-
old voltage of the transistor 20 in FIG. 2B after high voltage
is applied to the drain electrodes are described.

First, a transistor A and a transistor B used in the test each
have a structure similar to that of the transistor 10. The space
Wd1 and the space Wd2 are each 3 um, the width Wsd of the
conductive film 15 and the conductive film 16 is 20 um, and a
space (channel length) between the conductive film 15 and
the conductive film 16 is 3 um. Further, a transistor C and a
transistor D used in the test each have a structure similar to
that of the transistor 20. The space Wd3 and the space Wd4
are each 3 1m, the width Wi of the semiconductor film 24 is
20 um, and a space (channel length) between the conductive
film 25 and the conductive film 26 is 3 pm.

In each of the transistor A and the transistor B, a 200-nm-
thick tungsten film is used as the conductive film 12. An
insulating film in which a 400-nm-thick silicon nitride film
and a 50-nm-thick silicon oxynitride film are sequentially
stacked from the conductive film 12 side is used as the gate
insulating film. A conductive film in which a 50-nm-thick
tungsten film, a 400-nm-thick aluminum film, and a 100-nm-
thick titanium film are sequentially stacked from the semi-
conductor film 14 side is used as the conductive film 15 and
the conductive film 16.

Materials and thicknesses of the gate insulating films and
the conductive films used in the transistor C and the transistor
D are the same as those in the transistor A and the transistor B.
Specifically, in each of the transistor C and the transistor D, a
200-nm-thick tungsten film is used as the conductive film 22.
An insulating film in which a 400-nm-thick silicon nitride
film and a 50-nm-thick silicon oxynitride film are sequen-
tially stacked from the conductive film 22 side is used as the
gate insulating film. A conductive film in which a 50-nm-
thick tungsten film, a 400-nm-thick aluminum film, and a
100-nm-thick titanium film are sequentially stacked from the
semiconductor film 24 side is used as the conductive film 25
and the conductive film 26.

Note that in this specification, an oxynitride used for a
silicon oxynitride film or the like is a substance that includes
more oxygen than nitrogen, and a nitride oxide is a substance
that includes more nitrogen than oxygen.

As each of the semiconductor film 14 of the transistor A
and the semiconductor film 24 of the transistor C, a single-
layer oxide semiconductor film is used. The oxide semicon-
ductor film is a 35-nm-thick In—Ga—Zn-based oxide semi-
conductor film (IGZO (111)) formed using an oxide target in
which a composition ratio of indium (In) to gallium (Ga) and
zine (Zn) is 1:1:1.

As each of the semiconductor film 14 of the transistor B
and the semiconductor film 24 of the transistor D, a two-layer
oxide semiconductor film is used. An oxide semiconductor
film that is close to the gate insulating film is a 35-nm-thick
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In—Ga—7n-based oxide semiconductor film (IGZO (111))
formed using an oxide target a composition ratio of indium
(In) to gallium (Ga) and zinc (Zn) is 1:1:1. An oxide semi-
conductor film that is far from the gate insulating film is a
20-nm-thick In—Ga—Zn-based oxide semiconductor film
(IGZO (132)) formed using an oxide target a composition
ratio of indium (In) to gallium (Ga) and zinc (Zn) is 1:3:2.

In the test, the voltage of the drain electrode (referred to as
drain voltage) at the time when the gate electrode and the
source electrode have the same potential (reference potential)
is 30 V. Further, in the test, stress is applied to the transistors
A to D while the temperature of a substrate provided with the
transistors A to D is set to 125° C. and the transistors A to D
are left in a darkroom for one hour without light irradiation.

FIGS. 16A and 16B and FIGS. 17A and 17B show the
relation between gate voltage Vg (V) and drain current Id (A)
of each of the transistors A to D that are measured before and
after application of stress. Note that in FIGS. 16A and 16B
and FIGS. 17A and 17B, the relation between the gate voltage
Vg and the drain current Id before application of stress is
indicated by a broken line, and the relation between the gate
voltage Vg and the drain current 1d after application of stress
is indicated by a solid line. FIG. 16A shows data of the
transistor A, and FIG. 16B shows data of the transistor B. FIG.
17A shows data of the transistor C, and FIG. 17B shows data
of the transistor D.

Note that the drain current of each of the transistors A to D
is measured by changing the gate voltage Vg from -15V to
+30V. The measurement is performed with drain voltages Vd
0f 0.1 Vand 10V at 40° C.

FIG. 8 is a graph showing the amount of change in thresh-
old voltage (AVth) and the amount of change in shift value
(AShift) generated before and after application of stress that
are calculated using the relation between the gate voltage Vg
(V) and the drain current Id (A) shown in FIGS. 16 A and 16B
and FIGS. 17A and 17B. Note that the mobility of each
transistor is calculated on the assumption that relative dielec-
tric constant is 4 and that the thickness of the gate insulating
film is 280 nm. Table 1 shows the amount of change in
threshold voltage (AVth) and the amount of change in shift
value (AShift) generated before and after application of
stress.

TABLE 1

I1GZO (111) IGZO (111\GZO (132)

Transistor A Transistor C Transistor B Transistor D

AVth  AShift  AVth  AShift  AVth  AShift AVth AShift

-0.05 0.25 1.84 2.26 -0.77  -0.63 116 1.19

Note that the shift value is defined as the value of gate
voltage at the time when drain current rises. Specifically, in a
graph showing the relation between gate voltage and drain
current, the shift value can be defined as voltage at an inter-
section of a tangent where slope change in drain current is the
steepest and a graduation line corresponding to the lowest
drain current. The shift value is a value at the time when drain
voltage is 10V.

As can be seen from FIG. 8, the amount of change in
threshold voltage (AVth) and the amount of change in shift
value (AShift) in the transistor A and the transistor B each
having the structure of the transistor 10 are smaller than those
in the transistor C and the transistor D each having the struc-
ture of the transistor 20. Accordingly, the test results indicate
that the threshold voltage of the transistor 10 is less likely to
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be shifted in a positive direction and the reliability of the
transistor 10 is higher than that of the transistor 20.
<Aspect 2 of Transistor>

Next, FIGS. 3A to 3D illustrate another aspect of a tran-
sistor included in a semiconductor device according to one
embodiment of the present invention. FIG. 3A is a top view of
a transistor 30. FIG. 3B corresponds to a diagram illustrating
a cross-sectional structure of the transistor 30 in FIG. 3A
taken along broken line B1-B2. FIG. 3C corresponds to a
diagram illustrating a cross-sectional structure of the transis-
tor 30 in FIG. 3A taken along broken line B3-B4. FIG. 3D
corresponds to a diagram illustrating a cross-sectional struc-
ture of the transistor 30 in FIG. 3A taken along broken line
B5-B6. Note that insulating films such as a gate insulating
film are not illustrated in FIG. 3A in order to clarify the layout
of the transistor 30.

Like the transistor 10, the transistor 30 illustrated in FIGS.
3A to 3D includes, over a substrate 31 having an insulating
surface, a conductive film 32 functioning as a gate electrode,
a gate insulating film 33 over the conductive film 32, a semi-
conductor film 34 overlapping with the conductive film 32
with the gate insulating film 33 positioned therebetween, and
a conductive film 35 and a conductive film 36 that are in
contact with the semiconductor film 34 and function as a
source electrode and a drain electrode.

In FIGS. 3A to 3D, an oxide film 37 is provided over the
semiconductor film 34, the conductive film 35, and the con-
ductive film 36. In one embodiment of the present invention,
the oxide film 37 may be a component of the transistor 30.

The structure of the transistor 30 differs from the structure
of the transistor 10 illustrated in FIGS. 1A to 1C in that the
conductive film 35 and the conductive film 36 each have a
comb-like shape. Specifically, a comb-like shape corresponds
to a shape in which a plurality of convex portions are provided
in end portions. The conductive film 35 and the conductive
film 36 having a comb-like shape each include a plurality of
convex portions 60 and a joint part 61 for coupling the plu-
rality of convex portions 60.

In one embodiment of the present invention, in the transis-
tor 30, an end portion of the semiconductor film 34 is spaced
from an end portion of the conductive film 35 or the conduc-
tive film 36 in a region overlapping with the semiconductor
film 34 in a channel width direction indicated by the arrow
D2. From another perspective, it can be said that in the tran-
sistor 30, the width Wi of the semiconductor film 34 in the
channel width direction is larger than the width Wsd of the
conductive film 35 or the conductive film 36 in a region 38
where the conductive film 35 or the conductive film 36 over-
laps with the semiconductor film 34 in the channel width
direction.

In addition, in one embodiment of the present invention,
the joint part 61 of the conductive film 35 or the conductive
film 36 is spaced from the end portion of the semiconductor
film 34. In other words, in the convex portion 60, the conduc-
tive film 35 or the conductive film 36 partly overlaps with the
semiconductor film 34. Thus, in the end portion of the con-
ductive film 35 or the conductive film 36 in the region over-
lapping with the semiconductor film 34, the plurality of con-
vex portions 60 are spaced from each other. Note that in order
that the joint part 61 of the conductive film 35 and the joint
part 61 of the conductive film 36 are spaced from the end
portions of the semiconductor film 34, in a channel length
direction indicated by the arrow D1, a space Lsd2 between the
end portions of the joint parts of the conductive film 35 and
the conductive film 36 needs to be larger than the width Li of
the semiconductor film 34.
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In one embodiment of the present invention, with a struc-
ture where the joint part 61 of the conductive film 35 or the
conductive film 36 is spaced from the end portion of the
semiconductor film 34, the transistor 30 can be normally off,
and changes in threshold voltage can be prevented. The rea-
son for this is described in detail below.

Lines of electric force (indicated by broken arrows) are
shown between the conductive film 35 and the conductive
film 36 in the top view of part of the transistor 30 in FIG. 4.
FIG. 4 illustrates lines of electric force at the time when the
transistor 30 is an n-channel transistor, the conductive film 35
is a drain electrode, and the conductive film 36 is a source
electrode.

In the transistor 30, the end portion of the semiconductor
film 34 is spaced from the end portion of the conductive film
35 orthe conductive film 36 in the region overlapping with the
semiconductor film 34 in the channel width direction; thus,
the end portions of the semiconductor film 34 that overlap
with neither the conductive film 35 nor the conductive film 36
can be made long. Further, in the transistor 30, in a region
different from the region where the conductive film 35 and the
conductive film 36 are formed, an electric field applied to the
end portions of the semiconductor film 34 that can be a
current path of the conductive film 35 and the conductive film
36 can be decreased. Accordingly, even when an oxygen
vacancy is formed in the end portion of the semiconductor
film 34, leakage current flowing between the conductive film
35 and the conductive film 36 through the end portion can be
reduced when the transistor 30 needs to be turned off. Con-
sequently, the threshold voltage of the transistor 30 can be
controlled so that the transistor 30 is normally off.

In the transistor 30, by decreasing an electric field applied
to the end portion of the semiconductor film 34, it is possible
to prevent an electron (carrier) from being trapped in the gate
insulating film 33 from the end portion. As a result, in the
transistor 30, changes in threshold voltage can be suppressed,
so that the reliability of the semiconductor device including
the transistor 30 can be increased.

In the transistor 30 in FIG. 4, the lines of electric force
extend from the conductive film 35 (drain electrode) to the
conductive film 36 (source electrode). In the transistor 30, the
lines of electric force exist in a region 39q including a path
through which the conductive film 35 is connected to the
conductive film 36 in the channel length direction indicated
by the arrow D1 in the semiconductor film 34. Further, in the
transistor 30, the lines of electric force exist not only in the
region 39a but also in a region 395 that is off the path in the
semiconductor film 34 to wrap around the conductive film 35
and the conductive film 36.

Thus, in the case of the transistor 30, compared to the
transistor where the joint part 61 of the conductive film 35 or
the conductive film 36 overlaps with the semiconductor film
34, the density of the lines of electric force that extend from
the conductive film 35 to the conductive film 36 can be
decreased. Accordingly, in the transistor 30, it is possible to
prevent concentration of an electric field not only in the end
portion of the semiconductor film 34 but also in the inside of
the semiconductor film 34. As a result, in the transistor 30,
changes in threshold voltage can be suppressed, so that the
reliability of the semiconductor device can be increased.

In addition, in one embodiment of the present invention,
the convex portion 60 of the conductive film 35 and the
convex portion 60 of the conductive film 36 have the space
Lsdl in the channel length direction indicated by the arrow
D1, and the convex portion 60 of the conductive film 35 and
the convex portion 60 of the conductive film 36 do not inter-
lock with each other. With such a structure, the transistor 30
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can have a smaller area of a region where the conductive film
32 functioning as a gate electrode overlaps with the conduc-
tive film 35 or the conductive film 36, so that a capacitor
formed in the region can be made small. Then, since the
capacitor is small, the transistor 30 can have a small sub-
threshold swing (S value).

Note that in the case of a transistor having a large sub-
threshold swing, if the threshold voltage becomes lower, the
transistor is likely to be normally on where off-state current
flowing at a gate voltage of OV is high. Thus, it is difficult for
a circuit that includes transistors having the same conductiv-
ity type to operate correctly. Since the threshold voltage of the
transistor 30 can be lowered and the subthreshold swing can
be decreased, the transistor can be normally off more reliably.
As a result, by using the transistor 30, the circuit that includes
transistors having the same conductivity type can operate
correctly more reliably.

Compared to the transistor 10 illustrated in FIGS. 1A to 1C,
an electron depletion layer of the transistor 30 is likely to be
spread on a back channel side, that is, the center of the channel
width of a region that is near a surface of the semiconductor
film 34 opposite to a surface facing the gate electrode when
negative gate voltage is applied. Accordingly, the transistor
30 can have smaller effective channel width than the transis-
tor 10 illustrated in FIGS. 1A to 1C. Consequently, the region
through which off-state current flows is narrowed, so that the
off-state current can be reduced.

Further, in one embodiment of the present invention, a
metal oxide may be used for the oxide film 37.

The use of the oxide film 37 having such a structure can
space the semiconductor film 34 from a film containing sili-
con even when the film containing silicon is provided over the
oxide film 37. Thus, in the case where the semiconductor film
34 contains indium, silicon, which has higher oxygen bond
energy than indium, breaks the bond between indium and
oxygen in the end portions of the semiconductor film 34 that
overlap with neither the conductive film 35 nor the conductive
film 36 and can prevent generation of oxygen vacancies. As a
result, in one embodiment of the present invention, the reli-
ability of the transistor can be further increased.

Note that the conductivity of the metal oxide is lower than
that of a metal oxide used as an oxide semiconductor in the
semiconductor film 34. In order to achieve such a structure,
for example, in the case where an In—Ga—Z7n-based oxide is
used as a metal oxide in the oxide film 37, the metal oxide in
the oxide film 37 preferably has an atomic ratio where an
atomic percent of In is lower than that of In in the atomic ratio
of the metal oxide used for the semiconductor film 34. Spe-
cifically, the oxide film 37 can be formed by sputtering using
an In—Ga—Zn-based oxide target having a metal atomic
ratio of 1:6:4 or 1:3:2.

Like the transistor 10, regions that are in contact with the
conductive film 35 and the conductive film 36 in the semi-
conductor film 34 may have n-type conductivity. With such a
structure, the mobility and on-state current of the transistor 30
can be increased, so that the semiconductor device including
the transistor 30 can operate at high speed.
<Aspect 3 of Transistor>

Note that the transistor 30 illustrated in FIGS. 3A to 3D has
a structure where the convex portion 60 of the conductive film
35 completely overlaps with the convex portion 60 of the
conductive film 36 in the channel length direction. However,
in one embodiment of the present invention, the convex por-
tions 60 of the conductive film 35 and the conductive film 36
may partly overlap with each other in the channel length
direction.

10

15

20

25

30

35

40

45

50

55

60

65

12

FIG. 5A is a top view illustrating one aspect of the transis-
tor 30 where the convex portions 60 partly overlap with each
other in the channel length direction. The transistor 30 illus-
trated in FIG. 5A has a structure where the convex portion 60
of the conductive film 35 partly overlaps with the convex
portion 60 of the conductive film 36 in the channel length
direction indicated by the arrow D1.

In the transistor 30 illustrated in FIGS. 3A to 3D, the
conductive film 35 and the conductive film 36 each include
the plurality of convex portions 60. However, in the transistor
30, one of the conductive film 35 and the conductive film 36
may include the plurality of convex portions 60.

FIG. 5B is a top view illustrating one aspect of the transis-
tor 30 where the conductive film 35 include the plurality of
convex portions 60 and the conductive film 36 does not
include the plurality of convex portions 60. In FIG. 5B, unlike
the end portion of the conductive film 35 in a region overlap-
ping with the semiconductor film 34, the end portion of the
conductive film 36 in a region overlapping with the semicon-
ductor film 34 is a series of end portions.

Even in the case of the transistor 30 illustrated in FIG. SA
and FIG. 5B, an advantageous effect of one embodiment of
the present invention can be obtained as in the case of the
transistor 30 illustrated in FIGS. 3A to 3D.
<Aspect 4 of Transistor>

Note that FIGS. 1A to 1C, FIGS. 2A and 2B, FIGS. 3A to
3D, FIG. 4, and FIGS. 5A and 5B each illustrate a bottom-
gate transistor including a semiconductor film over a gate
electrode. However, the transistors illustrated in FIGS. 1A to
1C, FIGS. 2A and 2B, FIGS. 3A to 3D, FIG. 4, and FIGS. 5A
and 5B may each be a top-gate transistor including a semi-
conductor film below a gate electrode.

FIGS. 6A to 6D illustrate one aspect of a top-gate transistor
included in a semiconductor device according to one embodi-
ment of the present invention. FIG. 6A is a top view of a
transistor 40. FIG. 6B corresponds to a diagram illustrating a
cross-sectional structure of the transistor 40 in FIG. 6 A taken
along broken line C1-C2. FIG. 6C corresponds to a diagram
illustrating a cross-sectional structure of the transistor 40 in
FIG. 6A taken along broken line C3-C4. FIG. 6D corresponds
to a diagram illustrating a cross-sectional structure of the
transistor 40 in FIG. 6 A taken along broken line C5-C6. Note
that insulating films such as a gate insulating film are not
illustrated in FIG. 6A in order to clarify the layout of the
transistor 40.

The transistor 40 illustrated in FIGS. 6 A to 6D includes,
over a substrate 41 having an insulating surface, a semicon-
ductor film 44, a conductive film 45 and a conductive film 46
that function as a source electrode and a drain electrode and
are provided over the semiconductor film 44, a gate insulating
film 43 over the semiconductor film 44, the conductive film
45, and the conductive film 46, and a conductive film 42 that
functions as a gate electrode and overlaps with the semicon-
ductor film 44 with the gate insulating film 43 positioned
therebetween.

In FIGS. 6A to 6D, an oxide film 47 is provided over the
gate insulating film 43 and the conductive film 42. In one
embodiment of the present invention, the oxide film 47 may
be a component of the transistor 40.

The structure of the transistor 40 is the same as the structure
of the transistor 30 illustrated in FIGS. 3A to 3D in that the
conductive film 45 and the conductive film 46 each have a
comb-like shape. The conductive film 45 and the conductive
film 46 having a comb-like shape each include a plurality of
convex portions 50 and a joint part 51 for coupling the plu-
rality of convex portions 50.
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The structure of the transistor 40 is the same as the structure
of'thetransistor 30 illustrated in FIGS. 3A to 3D in that an end
portion of the semiconductor film 44 is spaced from an end
portion of the conductive film 45 or the conductive film 46 in
a region overlapping with the semiconductor film 44 in a
channel width direction indicated by the arrow D2. From
another perspective, it can be said that in the transistor 40, the
width Wi of the semiconductor film 44 in the channel width
direction is larger than the width Wsd of the conductive film
45 or the conductive film 46 in a region 48 where the conduc-
tive film 45 or the conductive film 46 overlaps with the semi-
conductor film 44 in the channel width direction.

The structure of the transistor 40 is also the same as the
structure of the transistor 30 illustrated in FIGS. 3A to 3D in
that the joint part 51 of the conductive film 45 or the conduc-
tive film 46 is spaced from the end portion of the semicon-
ductor film 44. Thus, in the end portion of the conductive film
45 or the conductive film 46 in the region overlapping with the
semiconductor film 44, the plurality of convex portions 50 are
spaced from each other. Note that in order that the joint part 51
of the conductive film 45 and the joint part 51 of the conduc-
tive film 46 are spaced from the end portions of the semicon-
ductor film 44, in a channel length direction indicated by the
arrow D1, a space [.sd2 between the end portions of the joint
parts of the conductive film 45 and the conductive film 46
needs to be larger than the width Li of the semiconductor film
44.

Note that like the transistor 10, regions that are in contact
with the conductive film 45 and the conductive film 46 in the
semiconductor film 44 may have n-type conductivity. With
such a structure, the mobility and on-state current of the
transistor 40 can be increased, so that the semiconductor
device including the transistor 40 can operate at high speed.
<Layout of Transistors>

FIG. 7A illustrates an example of a top view of the two
transistors 30 illustrated in FIGS. 3A to 3D connected to each
other in parallel.

Note that in this specification, a state in which transistors
are connected to each other in series means, for example, a
state in which only one of a source electrode and a drain
electrode of a first transistor is connected to only one of a
source electrode and a drain electrode of a second transistor.
In addition, a state in which transistors are connected to each
other in parallel means a state in which one of a source
electrode and a drain electrode of a first transistor is con-
nected to one of a source electrode and a drain electrode of a
second transistor and the other of the source electrode and the
drain electrode of the first transistor is connected to the other
of the source electrode and the drain electrode of the second
transistor.

FIG. 7A illustrates the two transistors 30 illustrated in
FIGS. 3A to 3D as a transistor 30a and a transistor 305. The
conductive film 35 of the transistor 30a and the conductive
film 35 of the transistor 305 share the joint part 61. The
semiconductor film 34 of the transistor 30« and the semicon-
ductor film 34 of the transistor 305 are positioned in such a
way that a channel length direction indicated by the arrow D1
and a channel width direction indicated by the arrow D2 of the
transistor 30a are substantially aligned with those of the tran-
sistor 305.

FIG. 7B illustrates the two transistors 40 illustrated in
FIGS. 6A to 6D as a transistor 40a and a transistor 405. The
conductive film 45 of the transistor 40a and the conductive
film 45 of the transistor 405 share the joint part 51. The
semiconductor film 44 of the transistor 40a and the semicon-
ductor film 44 of the transistor 405 are positioned in such a
way that a channel length direction indicated by the arrow D1
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and a channel width direction indicated by the arrow D2 ofthe
transistor 40a are substantially aligned with those of the tran-
sistor 405.

Note that although FIGS. 7A and 7B each illustrate the
example in which two transistors are connected to each other
in parallel, three or more transistors can be similarly con-
nected to each other in parallel.

As illustrated in FIGS. 7A and 7B, by providing the plu-
rality of transistors 30 or 40, the proportion of a regular
pattern in layout of a mask used for the plurality of transistors
30 or 40 can be increased. In the case where the proportion of
the regular pattern of the mask is low, shape defects are likely
to occur in a photolithography process using the mask
because of interference of light emitted from an exposure
apparatus, for example, the width of a conductive film, an
insulating film, a semiconductor film, or the like processed by
photolithography is partly narrow. However, in FIGS. 7A and
7B, the proportion of the regular pattern in layout of the mask
used for the plurality of transistors 30 or 40 can be increased,
so that it is possible to prevent generation of shape defects in
a conductive film, an insulating film, or a semiconductor film
after a photolithography process.
<Semiconductor Film>

Inasemiconductor device according to one embodiment of
the present invention, a semiconductor film containing amor-
phous, microcrystalline, polycrystalline, or single crystal sili-
con, germanium, or the like may be used as a semiconductor
film of a transistor. Alternatively, a semiconductor film con-
taining a semiconductor such as an oxide semiconductor
whose bandgap is wider than that of silicon and whose intrin-
sic carrier density is lower than that of silicon may be used.

Any of the following can be used as silicon: amorphous
silicon formed by sputtering or vapor deposition such as
plasma-enhanced CVD; polycrystalline silicon obtained in
such a manner that amorphous silicon is crystallized by laser
annealing or the like; single crystal silicon obtained in such a
manner that a surface portion of a single crystal silicon wafer
is separated by implantation of hydrogen ions or the like into
the silicon wafer; and the like.

A highly-purified oxide semiconductor (purified oxide
semiconductor) obtained by reduction of impurities such as
moisture or hydrogen that serve as electron donors (donors)
and reduction of oxygen vacancies is an intrinsic (i-type)
semiconductor or a substantially intrinsic semiconductor.
Thus, a transistor including a channel formation region in a
highly-purified oxide semiconductor film has extremely low
off-state current and high reliability.

Specifically, various experiments can prove low off-state
current of a transistor including a channel formation region in
a highly-purified oxide semiconductor film. For example,
even when an element has a channel width of 1x10° um and a
channel length of 10 um, off-state current can be lower than or
equal to the measurement limit of a semiconductor parameter
analyzer, i.e., lower than or equal to 1x107** A, at a voltage
(drain voltage) between a source electrode and a drain elec-
trode of 1 to 10 V. In that case, it can be seen that off-state
current standardized on the channel width of the transistor is
lower than or equal to 100 zA/um. In addition, a capacitor and
a transistor were connected to each other and off-state current
was measured using a circuit in which electric charge flowing
to or from the capacitor is controlled by the transistor. In the
measurement, a highly-purified oxide semiconductor film
was used in the channel formation region of the transistor, and
the off-state current of the transistor was measured from a
change in the amount of electric charge of the capacitor per
unit hour. As aresult, it can be seen that, in the case where the
voltage between the source electrode and the drain electrode
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of'the transistor is 3V, a lower off-state current of several tens
of yoctoamperes per micrometer is obtained. Accordingly,
the transistor including the highly-purified oxide semicon-
ductor film in the channel formation region has much lower
off-state current than a crystalline silicon transistor.

Note that unless otherwise specified, in this specification,
off-state current of an n-channel transistor is current that
flows between a source and a drain when the potential of the
drain is higher than that of the source or that of a gate while the
potential of the gate is 0V or lower in the case of the potential
of'the source used as a reference. Alternatively, in this speci-
fication, off-state current of a p-channel transistor is current
that flows between a source and a drain when the potential of
the drain is lower than that of the source or that ofa gate while
the potential of the gate is 0 V or higher in the case of the
potential of the source used as a reference.

In the case where an oxide semiconductor film is used as
the semiconductor film, an oxide semiconductor preferably
contains at least indium (In) or zinc (Zn). As a stabilizer for
reducing variations in electrical characteristics of a transistor
including the oxide semiconductor, the oxide semiconductor
preferably contains gallium (Ga) in addition to In and Zn. Tin
(Sn) is preferably contained as a stabilizer. Hathium (Hf) is
preferably contained as a stabilizer. Aluminum (Al) is pref-
erably contained as a stabilizer. Zirconium (Zr) is preferably
contained as a stabilizer.

Among the oxide semiconductors, unlike silicon carbide,
gallium nitride, or gallium oxide, an In—Ga—Z7n-based
oxide, an In—Sn—~Zn-based oxide, or the like has an advan-
tage ofhigh mass productivity because a transistor with favor-
able electrical characteristics can be formed by sputtering or
awet process. Further, unlike silicon carbide, gallium nitride,
or gallium oxide, with the use of the In—Ga—Z7n-based
oxide, a transistor with favorable electrical characteristics can
be formed over a glass substrate. Furthermore, a larger sub-
strate can be used.

As another stabilizer, one or more kinds of lanthanoid such
as lanthanum (La), cerium (Ce), praseodymium (Pr), neody-
mium (Nd), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu) may be
contained.

For example, indium oxide, gallium oxide, tin oxide, zinc
oxide, an In—Zn-based oxide, a Sn—Zn-based oxide, an
Al—7n-based oxide, a Zn—Mg-based oxide, a Sn—Mg-
based oxide, an In—Mg-based oxide, an In—Ga-based
oxide, an In—Ga—Zn-based oxide (also referred to as
1GZ0), an In—Al—Zn-based oxide, an In—Sn—Zn-based

oxide, a Sn—Ga—Zn-based oxide, an Al-—Ga—Zn-based
oxide, a Sn—Al—Zn-based oxide, an In—Hf—Zn-based
oxide, an In—La—Zn-based oxide, an In—Pr—Zn-based
oxide, an In—Nd—Zn-based oxide, an In—Sm—~Zn-based
oxide, an In—FEu—Zn-based oxide, an In—Gd—Zn-based

oxide, an In—Tb—Z7n-based oxide, an In—Dy—Z7n-based
oxide, an In—Ho—Zn-based oxide, an In—FEr—Zn-based
oxide, an In—Tm—Zn-based oxide, an In—Yb—Zn-based
oxide, an In—ILu—Zn-based oxide, an In—Sn—Ga—Zn-
based oxide, an In—Hf—Ga—Zn-based oxide, an In—Al—
Ga—Zn-based oxide, an In—Sn—Al—Zn-based oxide, an
In—Sn—Hf—Zn-based oxide, or an In—Hf —-Al—Zn-
based oxide can be used as an oxide semiconductor.

Note that, for example, an In—Ga—Zn-based oxide means
an oxide containing In, Ga, and Zn, and there is no limitation
on the ratio of In, Ga, and Zn. In addition, the In—Ga—Zn-
based oxide may contain a metal element other than In, Ga,
and Zn. The In—Ga—7Z7n-based oxide has sufficiently high
resistance when no electric field is applied thereto, so that
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off-state current can be sufficiently reduced. Further, the
In—Ga—7n-based oxide has high mobility.

For example, an In—Ga—Z7n-based oxide with an atomic
ratio of In:Ga:Zn=1:1:1 (=1/3:1/3:1/3) or In:Ga:Zn=2:2:1
(=2/5:2/5:1/5), or an oxide whose composition is in the neigh-
borhood of'the above composition can be used. Alternatively,
an In—Sn—7n-based oxide with an atomic ratio of In:Sn:
Zn=1:1:1 (=1/3:1/3:1/3), In:Sn:Zn=2:1:3 (=1/3:1/6:1/2), or
In:Sn:Zn=2:1:5 (=1/4:1/8:5/8), or an oxide whose composi-
tion is in the neighborhood of the above composition is pref-
erably used.

For example, with an In—Sn—Z7n-based oxide, high
mobility can be comparatively easily obtained. However,
even with an In—Ga—7/n-based oxide, mobility can be
increased by lowering defect density in a bulk.

An oxide semiconductor film is roughly classified into a
single-crystal oxide semiconductor film and a non-single-
crystal oxide semiconductor film. The non-single-crystal
oxide semiconductor film means any of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor
film, a polycrystalline oxide semiconductor film, a c-axis
aligned crystalline oxide semiconductor (CAAC-OS) film,
and the like.

The amorphous oxide semiconductor film has disordered
atomic arrangement and no crystalline component. A typical
example of the amorphous oxide semiconductor film is an
oxide semiconductor film in which no crystal part exists even
in a microscopic region, and the whole of the film is amor-
phous.

The microcrystalline oxide semiconductor film includes a
microcrystal (also referred to as nanocrystal) of greater than
or equal to 1 nm and less than 10 nm, for example. Thus, the
microcrystalline oxide semiconductor film has higher degree
of atomic order than the amorphous oxide semiconductor
film. Hence, the density of defect states of the microcrystal-
line oxide semiconductor film is lower than that of the amor-
phous oxide semiconductor film.

The CAAC-OS film is one of oxide semiconductor films
including a plurality of crystal parts, and most of the crystal
parts each fit into a cube whose one side is less than 100 nm.
Thus, there is a case where a crystal part included in the
CAAC-O0S film fits into a cube whose one side is less than 10
nm, less than 5 nm, or less than 3 nm. The density of defect
states of the CAAC-OS film is lower than that of the micro-
crystalline oxide semiconductor film. The CAAC-OS film is
described in detail below.

In a transmission electron microscope (TEM) image of the
CAAC-O0S film, a boundary between crystal parts, that is, a
grain boundary is not clearly observed. Thus, in the CAAC-
OS film, a reduction in electron mobility due to the grain
boundary is less likely to occur.

According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film, and
is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.

In this specification, the term “parallel” indicates that an
angle formed between two straight lines is =10 to 10°, and
accordingly includes the case where the angle is -5 to 5°. In
addition, the term “perpendicular” indicates that an angle
formed between two straight lines is 80 to 100°, and accord-
ingly includes the case where the angle is 85 to 95°.
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On the other hand, according to the TEM image of the
CAAC-OS film observed in a direction substantially perpen-
dicular to the sample surface (planar TEM image), metal
atoms are arranged in a triangular or hexagonal configuration
in the crystal parts. However, there is no regularity of arrange-
ment of metal atoms between different crystal parts.

From the results of the cross-sectional TEM image and the
planar TEM image, alignment is found in the crystal parts in
the CAAC-OS film.

A CAAC-OS film is subjected to structural analysis with an
X-ray diffraction (XRD) apparatus. For example, when the
CAAC-OS film including an InGaZnO,, crystal is analyzed by
an out-of-plane method, a peak appears frequently when the
diffraction angle (26) is around 31°. This peak is derived from
the (009) plane of the InGaZnO, crystal, which indicates that
crystals in the CAAC-OS film have c-axis alignment, and that
the c-axes are aligned in a direction substantially perpendicu-
lar to the formation surface or the top surface of the CAAC-
OS film.

On the other hand, when the CAAC-OS film is analyzed by
an in-plane method in which an X-ray enters a sample in a
direction substantially perpendicular to the c-axis, a peak
appears frequently when 26 is around 56°. This peak is
derived from the (110) plane of the InGaZnO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 20 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor film
of InGaZnO,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when ¢ scan is performed with 20 fixed at
around 56°.

According to the above results, in the CAAC-OS film hav-
ing c-axis alignment, while the directions of a-axes and
b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer which is arranged in a layered manner and
observed in the cross-sectional TEM image corresponds to a
plane parallel to the a-b plane of the crystal.

Note that the crystal part is formed concurrently with depo-
sition of the CAAC-OS film or is formed through crystalliza-
tion treatment such as heat treatment. As described above, the
c-axis of the crystal is aligned in a direction parallel to a
normal vector of a formation surface or a normal vector of a
top surface. Thus, for example, in the case where the shape of
the CAAC-OS film is changed by etching or the like, the
c-axis might not be necessarily parallel to a normal vector of
a formation surface or a normal vector of a top surface of the
CAAC-OS film.

Further, the crystallinity in the CAAC-OS film is not nec-
essarily uniform. For example, in the case where crystal
growth leading to the CAAC-OS film occurs from the vicinity
of'thetop surface of the film, the crystallinity in the vicinity of
the top surface is higher than that in the vicinity of the for-
mation surface in some cases. Further, when an impurity is
added to the CAAC-OS film, the crystallinity in a region to
which the impurity is added is changed, and the crystallinity
in the CAAC-OS film varies depending on regions.

Note that when the CAAC-OS film with an InGaZnO,
crystal is analyzed by an out-of-plane method, a peak of 20
may also be observed at around 36°, in addition to the peak of
20 at around 31°. The peak of 20 at around 36° indicates that
a crystal having no c-axis alignment is included in part of the
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CAAC-OS film. It is preferable that in the CAAC-OS film, a
peak of 26 appear at around 31° and a peak of 26 do not appear
at around 36°.

In a transistor including the CAAC-OS film, changes in
electrical characteristics of the transistor due to irradiation
with visible light or ultraviolet light are small. Thus, the
transistor has high reliability.

Note that an oxide semiconductor film may be a stacked
film including two or more films of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor
film, and a CAAC-OS film, for example.

For example, a CAAC-OS film is deposited by sputtering
with a polycrystalline metal oxide target. When ions collide
with the target, a crystal region included in the target might be
separated from the target along the a-b plane, and a sputtered
particle having a plane parallel to the a-b plane (a flat-plate-
like sputtered particle or a pellet-like sputtered particle) might
be separated from the target. In that case, the flat-plate-like
sputtered particle reaches a substrate while maintaining its
crystal state, so that the CAAC-OS film can be deposited.

For the deposition of the CAAC-OS film, the following
conditions are preferably employed.

By reducing the amount of impurities entering the CAAC-
OS film during the deposition, the crystal state can be pre-
vented from being broken by the impurities. For example, the
concentration of impurities (e.g., hydrogen, water, carbon
dioxide, or nitrogen) which exist in a treatment chamber may
bereduced. Further, the concentration of impurities in a depo-
sition gas may be reduced. Specifically, a deposition gas
whose dew point is —80° C. or lower, preferably —100° C. or
lower is used.

By increasing the substrate heating temperature during the
deposition, migration of a sputtered particle occurs after the
sputtered particle reaches the substrate. Specifically, the sub-
strate heating temperature during the deposition is 100 to
740° C., preferably 200 to 500° C. By increasing the substrate
heating temperature during the deposition, when the flat-
plate-like sputtered particle reaches the substrate, migration
occurs on the substrate, so that a flat plane of the sputtered
particle is attached to the substrate.

Further, it is preferable to reduce plasma damage during the
deposition by increasing the proportion of oxygen in the
deposition gas and optimizing power. The proportion of oxy-
gen in the deposition gas is 30 vol % or higher, preferably 100
vol %.

As an example of the target, an In—Ga—Zn-based oxide
target is described below.

A polycrystalline In—Ga—Zn-based oxide target is made
by mixing InO, powder, GaO, powder, and ZnO, powderina
predetermined mole ratio, applying pressure, and performing
heat treatment at 1000 to 1500° C. Note that X, Y, and Z are
each a given positive number. Here, the predetermined mole
ratio of the InO, powder, the GaO,, powder, and the ZnO,
powder is, for example, 2:2:1, 8:4:3, 3:1:1, 1:1:1, 4:2:3, or
3:1:2. The kinds of powder and the mole ratio for mixing
powder may be changed as appropriate depending on a target
to be formed.

The semiconductor film is not necessarily a single oxide
semiconductor film, but may be a stack of a plurality of oxide
semiconductor films. FIG. 9 illustrates a structure example of
a transistor 100 including a semiconductor film which is a
stack of three oxide semiconductor films.

The transistor 100 illustrated in FIG. 9 includes, over a
substrate 111 having an insulating surface, a conductive film
112 functioning as a gate electrode, a gate insulating film 113
over the conductive film 112, a semiconductor film 114 over-
lapping with the conductive film 112 with the gate insulating
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film 113 positioned therebetween, and a conductive film 115
and a conductive film 116 that are in contact with the semi-
conductor film 114 and function as a source electrode and a
drain electrode.

In FIG. 9, an oxide film 117 is provided over the semicon-
ductor film 114, the conductive film 115, and the conductive
film 116. In one embodiment of the present invention, the
oxide film 117 may be a component of the transistor 100.

In the transistor 100, oxide semiconductor films 114a to
114c¢ are sequentially stacked from the conductive film 112
side functioning as a gate electrode.

Each of the oxide semiconductor films 1144 and 114¢is an
oxide film that contains at least one of metal elements con-
tained in the oxide semiconductor film 1145 and in which
energy at the bottom of the conduction band is closer to the
vacuum level than that in the oxide semiconductor film 1144
by higher than or equal to 0.05 eV, 0.07 eV, 0.1 eV, 0r 0.15 eV
and lower than or equal to 2 eV, 1 eV, 0.5 eV, or 0.4 eV. The
oxide semiconductor film 1145 preferably contains at least
indium because carrier mobility is increased.

In the case where the transistor 100 has such a structure,
when an electric field is applied to the semiconductor film 114
by application of voltage to the conductive film 112 function-
ing as a gate electrode, a channel region is formed in the oxide
semiconductor film 1145 whose energy at the bottom of the
conduction band is low in the semiconductor film 114. In
other words, the oxide semiconductor film 114c¢ is provided
between the oxide semiconductor film 1146 and the gate
insulating film 113, so that a channel region can be formed in
the oxide semiconductor film 1144 spaced from the gate
insulating film 113.

Since the oxide semiconductor film 114¢ contains at least
one of the metal elements contained in the oxide semicon-
ductor film 1144, interface scattering hardly occurs at an
interface between the oxide semiconductor films 1145 and
114c. Thus, carriers are not easily inhibited from moving at
the interface, which results in an increase in field-effect
mobility of the transistor 100.

When an interface state is formed at an interface between
the oxide semiconductor films 1145 and 114a, a channel
region is also formed in a region close to the interface; thus,
the threshold voltage of the transistor 100 varies. However,
since the oxide semiconductor film 114a contains at least one
of the metal elements contained in the oxide semiconductor
film 1144, an interface state is hardly formed at the interface
between the oxide semiconductor films 1145 and 114a. As a
result, such a structure can reduce variations in electrical
characteristics (e.g., threshold voltage) of the transistor 100.

The plurality of oxide semiconductor films are preferably
stacked so that impurities between the oxide semiconductor
films do not form an interface state that inhibits carriers from
moving at an interface of each film. If impurities exist
between the plurality of stacked oxide semiconductor films,
the continuity of energy at the bottom of the conduction band
between the oxide semiconductor films is lost, and carriers
are trapped or lost due to recombination around the interface.
A continuous bond (especially, a bond having a U-shaped and
well-shaped structure where energy at the bottom of the con-
duction band is continuously changed between the films) is
more likely to be formed in the plurality of oxide semicon-
ductor films containing at least one metal element (main
component) in which impurities between the films are
reduced than in the plurality of oxide semiconductor films
that contain at least one metal element (main component) and
are simply stacked.

In order to form such a continuous bond, it is necessary to
form films continuously without being exposed to the atmo-

10

15

20

25

30

40

45

55

60

65

20

sphere with the use of a multi-chamber deposition apparatus
(sputtering apparatus) including a load lock chamber. Each
chamber of the sputtering apparatus is preferably evacuated
to ahigh vactuum (to about 1x10™*to 5x10~7 Pa) by an adsorp-
tion vacuum pump such as a cryopump so that water and the
like, which are impurities for an oxide semiconductor, are
removed as much as possible. Alternatively, a turbo molecular
pump and a cold trap are preferably used in combination to
prevent backflow of gas into the chamber through an evacu-
ation system.

To obtain a highly-purified intrinsic oxide semiconductor,
not only high vacuum evacuation of the chambers but also
high purification of a sputtering gas is important. An oxygen
gas or an argon gas used as the gas is highly purified to have
a dew point of —=40° C. or lower, preferably —80° C. or lower,
more preferably —100° C. or lower, so that entry of moisture
or the like into the oxide semiconductor film can be prevented
as much as possible.

The oxide semiconductor film 114a or 114¢ may be, for
example, an oxide film containing aluminum, silicon, tita-
nium, gallium, germanium, yttrium, zirconium, tin, lantha-
num, cerium, or hafnium at a higher atomic ratio than the
oxide semiconductor film 1145. Specifically, an oxide film
containing the above element at an atomic ratio 1.5 or more
times, preferably 2 or more times, more preferably 3 or more
times that in the oxide semiconductor film 1144 is preferably
used as the oxide semiconductor film 114a or 114c¢. The
above element is strongly bonded to oxygen, and thus has a
function of inhibiting generation of oxygen vacancies in the
oxide film. Accordingly, with such a structure, the oxide
semiconductor film 114a or 114¢ can be an oxide film in
which oxygen vacancies are less likely to be generated than in
the oxide semiconductor film 1145.

Specifically, in the case where the oxide semiconductor
film 1145 and the oxide semiconductor film 1144 or 114¢ are
formed using an In-M-Zn-based oxide, if the atomic ratio of
the oxide semiconductor film 114a or 114¢ is In:M:Zn=x,:
y,:Z, and the atomic ratio of the oxide semiconductor film
11454 is In:M:Zn=x,:y,:Z,, the atomic ratios may be set so that
y,/x, is larger than y,/x,. Note that the element M is a metal
element whose bonding strength to oxygen is larger than that
of In, and can be Al, Ti, Ga, Y, Zr, Sn, La, Ce, Nd, or Hf, for
example. Preferably, the atomic ratios may be set so thaty, /x,
is 1.5 or more times y,/X,. More preferably, the atomic ratios
may be set so that y,/x, is 2 or more times y,/X,. Still more
preferably, the atomic ratios may be set so that y,/x, is 3 or
more times y,/X,. In the oxide semiconductor film 1145, y, is
preferably larger than or equal to x, because the transistor 100
can have stable electrical characteristics. Note that y, is pref-
erably less than 3 times x, because the field-effect mobility of
the transistor 100 is lowered if y, is 3 or more times X; .

FIG. 15A schematically shows part of a band structure at
the time when a silicon oxide film is provided to be in contact
with the stacked oxide semiconductor films 114a to 114¢. In
FIG. 15A, the vertical axis represents electron energy (eV),
and the horizontal axis represents distance. In addition, EcI1
and Ecl2 represent energies at the bottom of the conduction
band of the silicon oxide film; EcS1 represents energy at the
bottom of the conduction band of the oxide semiconductor
film 114a; EcS2 represents energy at the bottom of the con-
duction band ofthe oxide semiconductor film 1144; and EcS3
represents energy at the bottom of the conduction band of the
oxide semiconductor film 114c.

As shown in FIG. 15A, the energies at the bottom of the
conduction band are continuously changed in the oxide semi-
conductor films 114a to 114¢. This is because the composi-
tions of the oxide semiconductor films 1144 to 114¢ are close
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to each other and oxygen is easily diffused into the oxide
semiconductor films 114a to 114c.

Note that although FIG. 15A shows the case where the
oxide semiconductor films 114a and 114c¢ have similar
energy gaps, the oxide semiconductor films 114a and 114¢
may have different energy gaps. For example, in the case
where EcS1 is higher than EcS3, part of the band structure can
be shown as in FIG. 15B. Although not shown in FIGS. 15A
and 15B, EcS3 may be higher than EcS1.

Note that as shown in FIGS. 15A and 15B, trap states
resulting from impurities or defects can be formed in the
vicinity of the interfaces between the oxide semiconductor
films 114a and 114¢ and insulating films such as a silicon
oxide film. The oxide semiconductor films 1144 and 114¢
make the oxide semiconductor film 1145 be separated from
the trap states. However, when the energy gap between EcS1
or EcS3 and EcS2 is small, an electron in the oxide semicon-
ductor film 1145 might reach the trap level over the energy
gap. Since the electron is trapped in the trap level, negative
fixed electric charge is caused at the interface with the insu-
lating film; thus, the threshold voltage of the transistor is
shifted in a positive direction.

Thus, the energy gap between EcS 1 and EcS2 and the
energy gap between EcS3 and EcS2 are each preferably
higher than or equal to 0.1 eV, more preferably higher than or
equal to 0.15 eV because the amount of change in threshold
voltage of the transistor can be reduced and the transistor can
have stable electrical characteristics.

Note that the thickness of each of the oxide semiconductor
films 114 and 114c is greater than or equal to 3 nm and less
than or equal to 100 nm, preferably greater than or equal to 3
nm and less than or equal to 50 nm. The thickness of the oxide
semiconductor film 11454 is greater than or equal to 3 nm and
less than or equal to 200 nm, preferably greater than or equal
to 3 nm and less than or equal to 100 nm, more preferably
greater than or equal to 3 nm and less than or equal to 50 nm.

The three oxide semiconductor films (oxide semiconduc-
tor films 1144 to 114¢) can be either amorphous or crystalline.
Note that the oxide semiconductor film 1144 in which a
channel region is formed is preferably crystalline because the
transistor 100 can have stable electrical characteristics.

Note that a channel formation region means a region of a
semiconductor film of a transistor that overlaps with a gate
electrode and is between a source electrode and a drain elec-
trode. Further, a channel region means a region through which
current mainly flows in the channel formation region.

For example, in the case where an In—Ga—Z7n-based
oxide film formed by sputtering is used as each of the oxide
semiconductor films 114a and 114c¢, a target of an In—Ga—
Zn-based oxide (In:Ga:Zn=1:3:2 [atomic ratio]) can be used
for deposition of the oxide semiconductor films 114a and
114c¢. The deposition conditions can be, for example, as fol-
lows: an argon gas (flow rate: 30 sccm) and an oxygen gas
(flow rate: 15 sccm) are used as a deposition gas; pressure is
0.4 Pa; substrate temperature is 200° C.; and DC power is 0.5
kW.

In the case where the oxide semiconductor film 1145 is a
CAAC-OS film, a target containing a polycrystalline
In—Ga—7Zn-based oxide (In:Ga:Zn=1:1:1 [atomic ratio]) is
preferably used for the deposition. The deposition conditions
can be, for example, as follows: an argon gas (flow rate: 30
sccm) and an oxygen gas (flow rate: 15 sccm) are used as a
deposition gas; pressure is 0.4 Pa; substrate temperature is
300° C.; and DC power is 0.5 kW.

Note that the transistor 100 illustrated in FIG. 9 may have
a structure where the end portion of the semiconductor film
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114 is steep or a structure where the end portion of the semi-
conductor film 114 is rounded.

Note that although FIG. 9 illustrates the semiconductor
film 114 formed using a stack of three oxide semiconductor
films, the number of stacked oxide semiconductor films may
be 2 or more than 3.

Note that in the case where the semiconductor film 114 is
formed using a stack of a plurality of oxide semiconductor
films, the conductivity of a metal oxide used for the oxide film
117 is lower than the total conductivity of the semiconductor
film 114. For example, in the case where an In—Ga—Z7n-
based oxide is used for the oxide film 117, the metal oxide
used for the oxide film 117 preferably has an atomic ratio
where an atomic percent of In is lower than that of In in the
atomic ratio of the metal oxide used for the semiconductor
film 114.

Like the transistor 10, regions that are in contact with the
conductive film 115 and the conductive film 116 in the semi-
conductor film 114 may have n-type conductivity. With such
a structure, the mobility and on-state current of the transistor
100 can be increased, so that the semiconductor device
including the transistor 100 can operate at high speed. In the
case of the transistor 100, the regions having n-type conduc-
tivity preferably extend to the oxide semiconductor film 1145
serving as a channel region in order that the mobility and
on-state current of the transistor 100 can be further increased
and the semiconductor device can operate at higher speed.
<Method for Forming Semiconductor Device>

An example of a method for forming a semiconductor
device according to one embodiment of the present is
described below.

As illustrated in FIG. 10A, a conductive film 201 is formed
over a substrate 200.

A substrate having heat resistance high enough to with-
stand a later manufacturing step is preferably used as the
substrate 200, and for example, a glass substrate, a ceramic
substrate, a quartz substrate, a sapphire substrate, or the like is
used.

A single layer or two or more layers of a film including a
conductive material containing one or more kinds of alumi-
num, titanium, chromium, cobalt, nickel, copper, yttrium,
zirconium, molybdenum, ruthenium, silver, tantalum, and
tungsten are preferably formed as the conductive film 201.
For example, a film in which a copper film is stacked over a
tungsten nitride film or a single layer film of tungsten can be
formed as the conductive film 201.

Next, a conductive film 202 functioning as a gate electrode
of'the transistor is formed by a photolithography process and
an etching process. Specifically, a mask formed using a resist
(hereinafter referred to as a resist mask) is formed over the
conductive film 201 by using a first photomask and then the
conductive film 201 is etched, so that a conductive film 202 is
formed. Then, the resist mask is removed (see FIG. 10B).

Then, a gate insulating film 203 is formed to cover the
conductive film 202, and a semiconductor film 204 is formed
over the gate insulating film 203 (see FIG. 10C).

The gate insulating film 203 may be a single layer or a
stacked layer using an insulating film containing one or more
of aluminum oxide, magnesium oxide, silicon oxide, silicon
oxynitride, silicon nitride oxide, silicon nitride, gallium
oxide, germanium oxide, yttrium oxide, zirconium oxide,
lanthanum oxide, neodymium oxide, hatnium oxide, and tan-
talum oxide.

For example, in the case of the gate insulating film 203
having a two-layer structure, a multilayer film including a
silicon nitride film as a first layer and a silicon oxide film as a
second layer may be used. The silicon oxide film as the
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second layer can be a silicon oxynitride film. The silicon
nitride film as the first layer can be a silicon nitride oxide film.

It is preferable to use a silicon oxide film whose defect
density is low as the silicon oxide film. Specifically, a silicon
oxide film whose spin density attributed to a signal with a g
factor of 2.001 in electron spin resonance (ESR) is lower than
or equal to 3x10"'7 spins/cm?, preferably lower than or equal
to 5x10'6 spins/cm® is used. As the silicon oxide film, a
silicon oxide film having excess oxygen is preferably used.
As the silicon nitride film, a silicon nitride film from which
hydrogen and ammonia are less released is used. The amount
ofreleased hydrogen and ammonia is preferably measured by
thermal desorption spectroscopy (TDS) analysis.

Next, the semiconductor film 204 is processed into a
desired shape by a photolithography process and an etching
process, so that a semiconductor film 205 is formed (see FI1G.
10D). Specifically, a resist mask is formed over the semicon-
ductor film 204 by using a second photomask and the semi-
conductor film 204 is etched, so that the semiconductor film
205 is formed. Then, the resist mask is removed.

As the oxide semiconductor film 205, the oxide semicon-
ductor described above can be used.

Further, when the oxide semiconductor film used as the
semiconductor film 205 contains a large amount of hydrogen,
hydrogen and an oxide semiconductor are bonded to each
other, so that part of hydrogen serves as a donor and causes an
electron (carrier). As a result, the threshold voltage of the
transistor is shifted in a negative direction. Thus, it is prefer-
able that after formation of the oxide semiconductor film,
dehydration treatment (dehydrogenation treatment) be per-
formed to remove hydrogen or moisture from the oxide semi-
conductor film so that the oxide semiconductor film contains
impurities as little as possible.

Note that oxygen in the oxide semiconductor film is
reduced by the dehydration treatment (dehydrogenation treat-
ment) in some cases. Thus, it is preferable that oxygen be
added to the oxide semiconductor film to fill oxygen vacan-
cies increased by the dehydration treatment (dehydrogena-
tion treatment).

In this manner, hydrogen or moisture is removed from the
oxide semiconductor film by dehydration treatment (dehy-
drogenation treatment) and oxygen vacancies are filled by
oxygen adding treatment, so that the oxide semiconductor
film can be an intrinsic (i-type) or substantially intrinsic oxide
semiconductor film.

Then, a conductive film 206 is formed over the semicon-
ductor film 205 and the gate insulating film 203. The conduc-
tive film 206 can be formed using the same conductive mate-
rial as the conductive film 201 (see FIG. 11A).

Next, a resist mask is formed over the conductive film 206
and the gate insulating film 203 by using a third photomask.
The conductive film 206 is etched using this resist mask, so
that a conductive film 207 and a conductive film 208 that are
in contact with the semiconductor film 205 are formed (see
FIG. 11B).

Then, insulating films are formed to cover the entire sub-
strate 200. In FIG. 11C, an oxide film 209, an insulating film
210, and an insulating film 211 are formed.

A metal oxide is preferably used for the oxide film 209. The
use of the oxide film 209 having such a structure can space the
semiconductor film 205 from the insulating film 210 contain-
ing silicon. Thus, in the case where a metal oxide containing
indium is used for the semiconductor film 205, silicon, which
has higher oxygen bond energy than indium, breaks the bond
between indium and oxygen in end portions of the semicon-
ductor film 205 and can prevent generation of oxygen vacan-
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cies. As a result, in one embodiment of the present invention,
the reliability of the transistor can be further increased.

Specifically, the oxide film 209 can be formed by sputter-
ing using an In—Ga—Z7n-based oxide target having a metal
atomic ratio of 1:6:4 or 1:3:2.

It is preferable to form the insulating film 211 without
exposure to the atmosphere, directly after the insulating film
210 is formed. The insulating film 211 is formed directly after
the insulating film 210 is formed, by adjusting at least one of
the flow rate of the source gas, the pressure, the high-fre-
quency power, and the substrate temperature without expo-
sure to the atmosphere, so that the concentration of impurities
at the interface between the insulating film 210 and the insu-
lating film 211 can be reduced and oxygen contained in the
insulating film 211 can move to the oxide semiconductor film
205. Accordingly, the amount of oxygen vacancies in the
oxide semiconductor film 205 can be reduced.

As the insulating film 210, a silicon oxide film or a silicon
oxynitride film is formed under the following conditions: the
substrate placed in a treatment chamber of a plasma-en-
hanced CVD apparatus that is vacuum-evacuated is held at
180 to 400° C., preferably 200 to 370° C., the pressure in the
treatment chamber is 30 to 250 Pa, preferably 40 to 200 Pa
with introduction of a source gas into the treatment chamber,
and high-frequency power is supplied to an electrode pro-
vided in the treatment chamber.

A deposition gas containing silicon and an oxidizing gas
are preferably used as the source gases of the insulating film
210. Typical examples of the deposition gas containing sili-
con include silane, disilane, trisilane, and silane fluoride. As
the oxidizing gas, oxygen, ozone, dinitrogen monoxide,
nitrogen dioxide, or the like can be used.

Under the above conditions, an oxide insulating film that
passes oxygen can be formed as the insulating film 210. With
the insulating film 210, damage to the oxide film 209 can be
reduced during a later formation process of the insulating film
211.

Note that when the ratio of the amount of the oxidizing gas
to the amount of the deposition gas containing silicon is
higher than or equal to 100, the hydrogen content in the
insulating film 210 can be reduced, and dangling bonds in the
insulating film 210 can be reduced. Oxygen that moves from
the insulating film 211 might be captured by the dangling
bond in the insulating film 210. Thus, oxygen contained in the
insulating film 211 containing oxygen at a higher proportion
than the stoichiometric composition can efficiently move to
the semiconductor film 205 and oxygen vacancies in the
semiconductor film 205 can be compensated. As a result, the
amount of hydrogen entering the semiconductor film 205 can
be reduced, and oxygen vacancies in the semiconductor film
205 can be reduced. Consequently, a negative shift in thresh-
old voltage of the transistor can be reduced, and leakage
current between a source and a drain of the transistor can be
reduced; accordingly, the electrical characteristics of the tran-
sistor can be improved.

In one embodiment of the present invention, as the insu-
lating film 210, a 50-nm-thick silicon oxynitride film is
formed by plasma-enhanced CVD under the following con-
ditions: silane with a flow rate of 20 sccm and dinitrogen
monoxide with a flow rate of 3000 sccm are used as the source
gases, the pressure in the treatment chamber is 40 Pa, the
substrate temperature is 220° C., and a high-frequency power
of' 100 W is supplied to parallel plate electrodes with a high-
frequency power supply of 27.12 MHz. Note that a plasma-
enhanced CVD apparatus is a parallel plate plasma-enhanced
CVD apparatus in which the electrode area is 6000 cm?, and
power per unit area (power density) into which supplied
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power is converted is 1.6x1072 W/cm?. Under the above con-
ditions, a silicon oxynitride film that passes oxygen can be
formed.

As the insulating film 211, a silicon oxide film or a silicon
oxynitride film is formed under the following conditions: the
substrate placed in a treatment chamber of the plasma-en-
hanced CVD apparatus that is vacuum-evacuated is held at
18010 260° C., preferably 180 to 230° C., the pressure is 100
to 250 Pa, preferably 100 to 200 Pa with introduction of a
source gas into the treatment chamber, and a high-frequency
power 0f0.17 to 0.5 W/cm?, preferably 0.25 to 0.35 W/em? is
supplied to an electrode provided in the treatment chamber.

As the deposition conditions of the insulating film 211, the
high-frequency power having the power density is supplied to
the treatment chamber having the pressure, so that the degra-
dation efficiency of the source gas in plasma is increased,
oxygen radicals are increased, and oxidation of the source gas
is promoted. Thus, the oxygen content in the insulating film
211 becomes higher than that in the stoichiometric composi-
tion. However, in the case where the substrate temperature is
within the temperature range, a bond between silicon and
oxygen is weak; thus, part of oxygen is released by heating.
Accordingly, it is possible to form an oxide insulating film
which contains oxygen at a higher proportion than the sto-
ichiometric composition and from which part of oxygen is
released by heating. Further, the insulating film 210 is pro-
vided over the oxide film 209. Accordingly, in the process of
forming the insulating film 211, the insulating film 210 serves
as a protective film of the oxide film 209. Consequently, the
insulating film 211 can be formed using the high-frequency
power having high power density while damage to the oxide
film 209 is reduced.

In one embodiment of the present invention, as the insu-
lating film 211, a 400-nm-thick silicon oxynitride film is
formed by plasma-enhanced CVD under the following con-
ditions: silane with a flow rate of 160 sccm and dinitrogen
monoxide with a flow rate of 4000 sccm are used as the source
gas, the pressure in the treatment chamber is 200 Pa, the
substrate temperature is 220° C., and a high-frequency power
of 1500 W is supplied to parallel plate electrodes with a
high-frequency power supply of 27.12 MHz. Note that a
plasma-enhanced CVD apparatus is a parallel plate plasma-
enhanced CVD apparatus in which the electrode area is 6000
cm?, and power per unit area (power density) into which
supplied power is converted is 2.5x10~! W/cm?.

Then, it is preferable that heat treatment be performed at
least after formation of the insulating film 211 so that oxygen
contained in the insulating film 210 or the insulating film 211
moves to the oxide film 209 and the semiconductor film 205
to fill oxygen vacancies in the oxide film 209 and the semi-
conductor film 205. Note that the heat treatment can be per-
formed as heat treatment for dehydration or dehydrogenation
of the semiconductor film 205.
<Circuit Structure Examples of Semiconductor Device
According to One Embodiment of the Present Invention>

Next, structure examples of circuits included in a semicon-
ductor device according to one embodiment of the present
invention are described. FIGS. 12A to 12C illustrate structure
examples of a sequential logic circuit 80 and a shift register
300 including the sequential logic circuit 80.

The shift register 300 illustrated in FIG. 12A includes a
plurality of sequential logic circuits 80 (a first sequential logic
circuit 80__; to an N-th sequential logic circuit 80__,;) and
wirings 81 to 84 having a function of transmitting clock
signals CLK. A clock signal CLK1 is input to the wiring 81.
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A clock signal CLK2 is input to the wiring 82. A clock signal
CLK3 is input to the wiring 83. A clock signal CLK4 is input
to the wiring 84.

A clock signal is a signal that alternates between a high-
level potential (H) and a low-level potential (L) at regular
intervals. In FIG. 12A, the clock signals CLK1 to CLK4 are
delayed by Y4 period sequentially. In the circuits illustrated in
FIGS. 12A to 12C, the clock signals are utilized to control the
sequential logic circuits 80. Note that clock signals may also
be input to the sequential logic circuits 80.

The first sequential logic circuit 80__; to the N-th sequen-
tial logic circuit 80__,, each include a terminal 91, a terminal
92, a terminal 93, a terminal 94, a terminal 95, a terminal 96,
and a terminal 97 (see FIG. 12B).

The terminal 91, the terminal 92, and the terminal 93 are
connected to any of the wirings 81 to 84. For example, in the
first sequential logic circuit 80__;, the terminal 91 is con-
nected to the wiring 81, the terminal 92 is connected to the
wiring 82, and the terminal 93 is connected to the wiring 83.
In the second sequential logic circuit 80__,, the terminal 91 is
connected to the wiring 82, the terminal 92 is connected to the
wiring 83, and the terminal 93 is connected to the wiring 84.
Note that although FIG. 12A illustrates the case where wir-
ings connected to the N-th sequential logic circuit 80__,, are
the wiring 82, the wiring 83, and the wiring 84, the wirings
connected to the N-th sequential logic circuit 80__,, vary
depending on the value of N.

In the k-th sequential logic circuit (k is a natural number of
3 or more and N or less) of the shift register 300 in one
embodiment of the present invention, the terminal 94 is con-
nected to the terminal 96 of the (k-1)th sequential logic
circuit, the terminal 95 is connected to the terminal 96 of the
(k+2)th sequential logic circuit, the terminal 96 is connected
to the terminal 94 of the (k+1)th sequential logic circuit and
the terminal 95 of the (k-2)th sequential logic circuit, and the
terminal 97 outputs signals to OUT_k.

Inaddition, a start pulse SP1 is input from a wiring 85 to the
terminal 94 in the first sequential logic circuit 80__,. A start
pulse SP2 is input to the terminal 95 in the (N-1)th sequential
logic circuit 80 ,,. A start pulse SP3 is input to the termi-
nal 95 in the N-th sequential logic circuit 80__,,. Note that the
start pulse SP2 and the start pulse SP3 may be input from the
outside or generated inside the circuit.

Next, specific structures of the first sequential logic circuit
80_, to the N-th sequential logic circuit 80__,,are described.

Each of the first sequential logic circuit 80__; to the N-th
sequential logic circuit 80__,,includes transistors 301 to 311,
as illustrated in FIG. 12C. Note that in the following descrip-
tion, a gate of a transistor, one of a source and a drain, and the
other of the source and the drain are referred to as a gate
terminal, a first terminal, and a second terminal, respectively.

Note that in this specification, the term “connection”
means electrical connection and corresponds to a state where
current, voltage, or a potential can be supplied or transmitted.
Accordingly, a connection state does not always mean a direct
connection state but includes an indirect connection state
through a circuit element such as a wiring, a resistor, a diode,
or a transistor so that current, voltage, or a potential can be
supplied or transmitted. Even when independent components
are connected to each other in a circuit diagram, there is the
case where one conductive film has functions of a plurality of
components, such as the case where part of a wiring functions
as an electrode. The term “connection” in this specification
also means such a case where one conductive film has func-
tions of a plurality of components.

A source of a transistor means a source region that is part of
asemiconductor film or a source electrode that is connected to
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the semiconductor film. Similarly, a drain of a transistor
means a drain region that is part of the semiconductor film or
a drain electrode that is connected to the semiconductor film.
A gate means a gate electrode.

The terms “source” and “drain” of a transistor interchange
with each other depending on the polarity of the transistor or
levels of potentials applied to terminals. In general, in an
n-channel transistor, a terminal to which a low potential is
applied is called a source, and a terminal to which a high
potential is applied is called a drain. Further, in a p-channel
transistor, a terminal to which a low potential is applied is
called a drain, and a terminal to which a high potential is
applied is called a source. In this specification, although the
connection relation of the transistor is described assuming
that the source and the drain are fixed in some cases for
convenience, actually, the names of the source and the drain
interchange with each other depending on the relation of the
potentials.

The structure of the sequential logic circuit illustrated in
FIG. 12C is described.

A first terminal of the transistor 301 is connected to the
terminal 91, a second terminal of the transistor 301 is con-
nected to the terminal 96, and a gate terminal of the transistor
301 is connected to a second terminal of the transistor 307. A
first terminal of the transistor 302 is connected to the terminal
96, a second terminal of the transistor 302 is connected to a
wiring 71, and a gate terminal of the transistor 302 is con-
nected to a second terminal of the transistor 308. A first
terminal of the transistor 303 is connected to the terminal 91,
a second terminal of the transistor 303 is connected to the
terminal 97, and a gate terminal of the transistor 303 is con-
nected to the second terminal of the transistor 307. A first
terminal of the transistor 304 is connected to the terminal 97,
a second terminal of the transistor 304 is connected to the
wiring 71, and a gate terminal of the transistor 304 is con-
nected to the second terminal of the transistor 308. A first
terminal of the transistor 305 is connected to a wiring 72, a
second terminal of the transistor 305 is connected to a first
terminal of the transistor 306 and a first terminal of the tran-
sistor 307, and a gate terminal of the transistor 305 is con-
nected to the terminal 94. The first terminal of the transistor
306 is connected to the second terminal of the transistor 305
and the first terminal of the transistor 307, a second terminal
of'the transistor 306 is connected to the wiring 71, and a gate
terminal of the transistor 306 is connected to the second
terminal of the transistor 308. The first terminal of the tran-
sistor 307 is connected to the second terminal of the transistor
305 and the first terminal of the transistor 306, the second
terminal of the transistor 307 is connected to the gate terminal
of the transistor 301 and the gate terminal of the transistor
303, and a gate terminal of the transistor 307 is connected to
the wiring 72. A first terminal of the transistor 308 is con-
nected to a second terminal of the transistor 310, the second
terminal of the transistor 308 is connected to the gate terminal
of the transistor 302, the gate terminal of the transistor 304,
and the gate terminal of the transistor 306, and a gate terminal
of the transistor 308 is connected to the terminal 92. A first
terminal of the transistor 309 is connected to the second
terminal of the transistor 308, a second terminal of the tran-
sistor 309 is connected to the wiring 71, and a gate terminal of
the transistor 309 is connected to the terminal 94. A first
terminal of the transistor 310 is connected to the wiring 72,
the second terminal of the transistor 310 is connected to the
first terminal of the transistor 308, and a gate terminal of the
transistor 310 is connected to the terminal 93. A first terminal
of the transistor 311 is connected to the wiring 72, a second
terminal of the transistor 311 is connected to the second
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terminal of the transistor 308, and a gate terminal of the
transistor 311 is connected to the terminal 95.

One embodiment of the present invention is not limited to
the above structure of the sequential logic circuit that is just an
example.

Inthe case where the sequential logic circuit 80 in FIG. 12C
is the first sequential logic circuit 80, in FIG. 12A, the clock
signal CLK1, the clock signal CL.K2, the clock signal CLK3,
the start pulse SP1, and an output signal (SROUT_3) of the
third sequential logic circuit 80__; are input to the terminal 91,
the terminal 92, the terminal 93, the terminal 94, and the
terminal 95, respectively. An output signal (SROUT_1) of the
first sequential logic circuit 80__, is output from the terminal
96 to the terminal 94 of the second sequential logic circuit
80_,, and an output signal OUT__, is output from the termi-
nal 97.

A second potential VSS is applied to the wiring 71, and a
first potential VDD is applied to the wiring 72.

In the shift register 300 including the sequential logic cir-
cuits 80 in FIG. 12C, desired pulses can be sequentially
obtained as output signals OUT_1 to OUT_N in response to
the first potential VDD, the second potential VSS, the clock
signals CLK1 to CLK4, the start pulse SP, and output signals
SROUT _1 to SROUT_N.

Inthe case of a circuit including transistors having the same
conductivity type as illustrated in the sequential logic circuit
80 in FIG. 12C, the potentials of nodes and terminals of the
circuit are lowered by the threshold voltage of the transistor.
Specifically, in FIG. 12C, when the transistor 303 is on, a
potential lower than a high-level potential (H) of a clock
signal input to the terminal 91 by the threshold voltage of the
transistor 303 is applied to the terminal 97. Thus, in the case
of the circuit including transistors having the same conduc-
tivity type, it is important to lower the threshold voltage of a
transistor so that the transistor can be normally off.

In one embodiment of the present invention, each of the
transistor 10, the transistor 30, the transistor 40, and the
transistor 100 has an initial value of threshold voltage such
that each transistor is normally off, and the amount of change
in threshold voltage in a positive direction can be reduced.
Accordingly, by using the transistor 10, the transistor 30, the
transistor 40, or the transistor 100 as each of the transistors
301 to 311, the reliability of the sequential logic circuit 80 can
be increased.

In particular, in the case where the transistors 301 to 311
are n-channel transistors, a malfunction is likely to occur
when the threshold voltages of the transistor 303 for inputting
ahigh-level output signal to the terminal 97, the transistor 301
for inputting a high-level output signal to the terminal 96, and
the transistor 305 for applying a high-level potential to the
gate terminal of each of the transistor 303 and the transistor
301 are greatly shifted in a positive direction. For example,
the sequential logic circuit 80 does not operate correctly or
high-level potentials output from the terminal 96 and the
terminal 97 become lower than desired potentials even when
the sequential logic circuit 80 operates correctly. Accord-
ingly, the use of the transistor 10, the transistor 30, the tran-
sistor 40, or the transistor 100 as at least each of the transistor
303, the transistor 301, and the transistor 305 is effective in
ensuring the reliability of the sequential logic circuit 80.

Note that in one embodiment of the present invention, in
the structure of the sequential logic circuit illustrated in FI1G.
12C, a back gate is provided for each of the transistors. The
back gate may be floating or may be supplied with a potential
from another element. In the latter case, potentials at the same
level may be applied to a normal gate (front gate) and the back
gate, or a fixed potential such as a ground potential may be
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applied only to the back gate. By controlling the potential
applied to the back gate, the threshold voltage of the transistor
can be controlled. By providing the back gate, a channel
formation region is enlarged and drain current can be
increased. Further, the back gate facilitates formation of a
depletion layer in the semiconductor film, which results in
lower subthreshold swing.

<Structure Example of Semiconductor Display Device>

In one embodiment of the present invention, a structure
example of a semiconductor display device that is one aspect
of a semiconductor device of the present invention is
described.

In a panel 460 in FIG. 13 A, a plurality of pixels 462, scan
lines GL (GL1 to GLm (m is a natural number)) for selecting
the pixels 462 row by row, and signal lines SL. (SL.1 to SLn (n
is a natural number)) for supplying image signals to the
selected pixels 462 are provided in a pixel portion 461. Input
of signals to the scan lines GL is controlled by a scan line
driver circuit 463. Input of image signals to the signal lines SL,
is controlled by a signal line driver circuit 464. Each of the
plurality of pixels 462 is connected to at least one of the scan
lines GL and at least one of the signal lines SL.

Note that the kinds and number of the lines in the pixel
portion 461 can be determined by the structure, number, and
position of the pixels 462. Specifically, in the case of the pixel
portion 461 in FIG. 13A, the pixels 462 are arranged in a
matrix of n columnsxm rows, and the signal lines SL.1 to SL.n
and the scan lines GL1 to GLm are provided in the pixel
portion 461.

The sequential logic circuit 80 and the shift register 300
illustrated in FIGS. 12A to 12C can be used for the scan line
driver circuit 463 or the signal line driver circuit 464. The use
of the sequential logic circuit 80 and the shift register 300
including the transistor 10, the transistor 30, the transistor 40,
or the transistor 100 for the scan line driver circuit 463 or the
signal line driver circuit 464 increases the reliability of the
semiconductor display device.

FIG. 13B illustrates a structure example of the pixel 462.
Each of the pixels 462 includes a liquid crystal element 465,
a transistor 466 controlling supply of an image signal to the
liquid crystal element 465, and a capacitor 467 for holding
voltage across a pixel electrode and a common electrode of
the liquid crystal element 465. The liquid crystal element 465
includes the pixel electrode, the common electrode, and a
liquid crystal layer that is provided between the pixel elec-
trode and the common electrode, is supplied with voltage, and
contains a liquid crystal material.

The transistor 466 controls whether to apply the potential
of'the signal line SL to the pixel electrode of the liquid crystal
element 465. A predetermined potential is applied to the
common electrode of the liquid crystal element 465.

The specific connection relation between the transistor 466
and the liquid crystal element 465 is described below. In FIG.
13B, a gate electrode of the transistor 466 is connected to any
one of the scan lines GL.1 to GLm. One of a source electrode
and a drain electrode of the transistor 466 is connected to any
one of the signal lines SL1 to SLn. The other of the source
electrode and the drain electrode of the transistor 466 is
connected to the pixel electrode of the liquid crystal element
465.

In FIG. 13B, one transistor 466 is used in the pixel 462 as
a switch controlling input of an image signal to the pixel 462;
however, a plurality of transistors functioning as one switch
may be used in the pixel 462.

In one embodiment of the present invention, the use of the
transistor 10, the transistor 30, the transistor 40, or the tran-
sistor 100 as the transistor 466 increases the reliability of the
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semiconductor display device. A transistor including an oxide
semiconductor in a semiconductor film has extremely low
off-state current; thus, when such a transistor is used as the
transistor 466, leakage of electric charge through the transis-
tor 466 can be prevented. Thus, the potential of an image
signal that is applied to the liquid crystal element 465 and the
capacitor 467 can be held more reliably. Accordingly,
changes in transmittance of the liquid crystal element 465 due
to leakage of electric charge in one frame period are pre-
vented, so that the quality of an image to be displayed can be
improved. In addition, when the oft-state current of the tran-
sistor 466 is low, leakage of electric charge through the tran-
sistor 466 can be prevented; thus, the area of the capacitor 467
can be made small. Consequently, the transmittance of the
panel 460 is increased, so that loss of light supplied from a
light supply portion such as a backlight or a frontlight in the
panel 460 and the power consumption of a liquid crystal
display device can be reduced. Alternatively, in a period dur-
ing which a still image is displayed, supply of power supply
potentials or signals to the scan line driver circuit 463 and the
signal line driver circuit 464 may be stopped. With such a
structure, the number of times of writing image signals to the
pixel portion 461 can be decreased, so that the power con-
sumption of the semiconductor display device can be
reduced.

FIG. 13B illustrates another example of the pixel 462. The
pixel 462 includes a transistor 470 controlling input of an
image signal to the pixel 462, a light-emitting element 473, a
transistor 471 controlling the value of current supplied to the
light-emitting element 473 in response to an image signal,
and a capacitor 472 for holding the potential of an image
signal.

The potential of one of an anode and a cathode of the
light-emitting element 473 is controlled in response to an
image signal input to the pixel 462. A predetermined potential
is applied to the other of the anode and the cathode of the
light-emitting element 473. The luminance of the light-emit-
ting element 473 is determined by a potential difference
between the anode and the cathode. In each of the plurality of
pixels 462 included in the pixel portion, the luminance of the
light-emitting element 473 is adjusted in response to an image
signal containing image information, so that an image is
displayed on the pixel portion 461.

Next, connection of the transistor 470, the transistor 471,
the capacitor 472, and the light-emitting element 473 that are
included in the pixel 462 is described.

One of a source electrode and a drain electrode of the
transistor 470 is connected to the signal line SI, and the other
ofthe source electrode and the drain electrode of the transistor
470 is connected to a gate electrode of the transistor 471. A
gate electrode of the transistor 470 is connected to the scan
line GL. One of a source electrode and a drain electrode of the
transistor 471 is connected to a power supply line VL, and the
other of the source electrode and the drain electrode of the
transistor 471 is connected to the light-emitting element 473.
Specifically, the other of the source electrode and the drain
electrode of the transistor 471 is connected to one of the anode
and the cathode of the light-emitting element 473. A prede-
termined potential is applied to the other of the anode and the
cathode of the light-emitting element 473.

Note that in FIG. 13C, the pixel 462 includes the capacitor
472. However, for example, in the case where gate capaci-
tance generated between the gate electrode and a semicon-
ductor film of the transistor 470 or gate parasitic capacitance
is high, i.e., the case where the potential of an image signal
can be sufficiently held by another capacitor, the capacitor
472 is not necessarily provided in the pixel 462.
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Examples of the light-emitting element 473 include an
element whose luminance is controlled by current or voltage,
such as a light-emitting diode (LED) or an organic light-
emitting diode (OLED). For example, an OLED includes at
least an EL layer, an anode, and a cathode. The EL layer is
formed using a single layer or a plurality of layers provided
between the anode and the cathode, at least one of which is a
light-emitting layer containing a light-emitting substance.

From the EL layer, electroluminescence is obtained by
current supplied when a potential difference between the
cathode and the anode is higher than or equal to the threshold
voltage of the light-emitting element 473. Electrolumines-
cence includes luminescence (fluorescence) at the time of
returning from a singlet-excited state to a ground state and
luminescence (phosphorescence) at the time of returning
from a triplet-excited state to a ground state.
<Structure Example of Electronic Device Including Semi-
conductor Device>

A semiconductor device according to one embodiment of
the present invention can be used for display devices, per-
sonal computers, or image reproducing devices provided with
recording media (typically, devices that reproduce the content
of'recording media such as digital versatile discs (DVDs) and
have displays for displaying the reproduced images). Further,
as electronic devices that can include the semiconductor
device according to one embodiment of the present invention,
cellular phones, game machines (including portable game
machines), portable information terminals, e-book readers,
cameras such as video cameras and digital still cameras,
goggle-type displays (head mounted displays), navigation
systems, audio reproducing devices (e.g., car audio systems
and digital audio players), copiers, facsimiles, printers, mul-
tifunction printers, automated teller machines (ATMs), vend-
ing machines, and the like can be given. FIGS. 14A to 14F
illustrate specific examples of these electronic devices.

FIG. 14A illustrates a portable game machine, which
includes a housing 5001, a housing 5002, a display portion
5003, a display portion 5004, a microphone 5005, speakers
5006, an operation key 5007, a stylus 5008, and the like. It is
possible to use the semiconductor device according to one
embodiment of the present invention as the display portion
5003 or 5004 or another circuit. Note that although the por-
table game machine in FIG. 14 A has the two display portions
5003 and 5004, the number of display portions included in the
portable game machine is not limited thereto.

FIG. 14B illustrates a display device, which includes a
housing 5201, a display portion 5202, a support 5203, and the
like. It is possible to use the semiconductor device according
to one embodiment of the present invention as the display
portion 5202 or another circuit. Note that the display device
means all display devices for displaying information, such as
display devices for personal computers, for receiving TV
broadcast, and for displaying advertisements.

FIG. 14C illustrates a laptop, which includes a housing
5401, a display portion 5402, a keyboard 5403, a pointing
device 5404, and the like. It is possible to use the semicon-
ductor device according to one embodiment of the present
invention as the display portion 5402 or another circuit.

FIG. 14D illustrates a portable information terminal, which
includes a first housing 5601, a second housing 5602, a first
display portion 5603, a second display portion 5604, a joint
5605, an operation key 5606, and the like. The first display
portion 5603 is provided in the first housing 5601, and the
second display portion 5604 is provided in the second hous-
ing 5602. The first housing 5601 and the second housing 5602
are connected to each other with the joint 5605, and an angle
between the first housing 5601 and the second housing 5602
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can be changed with the joint 5605. An image on the first
display portion 5603 may be switched depending on the angle
between the first housing 5601 and the second housing 5602
at the joint 5605. It is possible to use the semiconductor
device according to one embodiment of the present invention
as the first display portion 5603, the second display portion
5604, or another circuit. A semiconductor device with a posi-
tion input function may be used as at least one of the first
display portion 5603 and the second display portion 5604.
Note that the position input function can be added by provid-
ing a touch panel in a semiconductor device. Alternatively, the
position input function can be added by providing a photo-
electric conversion element called a photosensor in a pixel
portion of a semiconductor device.

FIG. 14E illustrates a video camera, which includes a first
housing 5801, a second housing 5802, a display portion 5803,
operation keys 5804, a lens 5805, a joint 5806, and the like.
The operation keys 5804 and the lens 5805 are provided in the
firsthousing 5801, and the display portion 5803 is provided in
the second housing 5802. The first housing 5801 and the
second housing 5802 are connected to each other with the
joint 5806, and an angle between the first housing 5801 and
the second housing 5802 can be changed with the joint 5806.
An image on the display portion 5803 may be switched
depending on the angle between the first housing 5801 and the
second housing 5802 at the joint 5806. It is possible to use the
semiconductor device according to one embodiment of the
present invention as the display portion 5803 or another cir-
cuit.

FIG. 14F illustrates a cellular phone, which includes a
display portion 5902, a microphone 5907, a speaker 5904, a
camera 5903, an external connection port 5906, and an opera-
tion button 5905 in a housing 5901. It is possible to use the
semiconductor device according to one embodiment of the
present invention as a circuit of the cellular phone. When a
liquid crystal display device that is one of semiconductor
devices according to one embodiment of the present invention
is provided over a flexible substrate, the liquid crystal display
device can be used as the display portion 5902 having a
curved surface, as illustrated in FIG. 14F.

This application is based on Japanese Patent Application
serial No. 2012-251935 filed with Japan Patent Office on Nov.
16, 2012, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A semiconductor device comprising:

a gate electrode;

a gate insulating film;

a first oxide semiconductor film overlapping with the gate
electrode with the gate insulating film positioned
between the first oxide semiconductor film and the gate
electrode;

a second oxide semiconductor film over the first oxide
semiconductor film;

a third oxide semiconductor film over the second oxide
semiconductor film; and

a source electrode and a drain electrode being in contact
with the third oxide semiconductor film and the gate
insulating film,

wherein an end portion of the second oxide semiconductor
film is spaced from an end portion of the source elec-
trode or the drain electrode in a region overlapping with
the second oxide semiconductor film in a channel width
direction,
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wherein a width of the second oxide semiconductor film in
the channel width direction is larger than a width of the
source electrode or the drain electrode in the channel
width direction, and

wherein an energy level of a bottom of a conductive band of
the second oxide semiconductor film is lower than an
energy level of a bottom of a conductive band of the first
oxide semiconductor film and an energy level of a bot-
tom of a conductive band of the third oxide semiconduc-
tor film.

2. The semiconductor device according to claim 1, wherein
the second oxide semiconductor film comprises In, Ga, and
Zn.

3. The semiconductor device according to claim 1, wherein
directions of a-axes and b-axes are different between crystal
parts in the second oxide semiconductor film, and

wherein c-axes are aligned in a direction parallel to a nor-
mal vector of a formation surface or a normal vector of
a top surface.

4. The semiconductor device according to claim 1, further

comprising:

a substrate,

wherein the gate electrode is over the substrate.

5. An electronic device comprising the semiconductor
device according to claim 1.

6. The semiconductor device according to claim 1,

wherein the energy level of the bottom of the conductive
band of the first oxide semiconductor film is continu-
ously changed to the energy level of the bottom of the
conductive band of the second oxide semiconductor film
at an interface between the second oxide semiconductor
film and the first oxide semiconductor film, and

wherein the energy level of the bottom of the conductive
band of the third oxide semiconductor film is continu-
ously changed to the energy level of the bottom of the
conductive band of the second oxide semiconductor film
at an interface between the third oxide semiconductor
film and the second oxide semiconductor film.

7. A semiconductor device comprising:

a gate electrode;

a gate insulating film over the gate electrode;

a first oxide semiconductor film overlapping with the gate
electrode with the gate insulating film positioned
between the first oxide semiconductor film and the gate
electrode;

a source electrode and a drain electrode being in contact
with the first oxide semiconductor film; and

an oxide film over the first oxide semiconductor film, the
source electrode, and the drain electrode,

wherein an end portion of the first oxide semiconductor
film is spaced from an end portion of the source elec-
trode or the drain electrode in a region overlapping with
the first oxide semiconductor film in a channel width
direction,

wherein a width of the first oxide semiconductor film in the
channel width direction is larger than a width of the
source electrode or the drain electrode in the channel
width direction,

wherein the first oxide semiconductor film and the oxide
film each comprise a metal oxide comprising In, Ga, and
Zn, and

wherein the oxide film has an atomic ratio where an atomic
percent of In is lower than an atomic percent of In in an
atomic ratio of the first oxide semiconductor film.

8. The semiconductor device according to claim 7, wherein

directions of a-axes and b-axes are different between crystal
parts in the first oxide semiconductor film, and
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wherein c-axes are aligned in a direction parallel to a nor-
mal vector of a formation surface or a normal vector of
a top surface.

9. The semiconductor device according to claim 7, further

comprising:

a substrate,

wherein the gate electrode is over the substrate.

10. An electronic device comprising the semiconductor
device according to claim 7.

11. The semiconductor device according to claim 7, further
comprising:

a second oxide semiconductor film being in contact with

the first oxide semiconductor film; and

a third oxide semiconductor film being in contact with the
first oxide semiconductor film,

wherein the first oxide semiconductor film is between the
second oxide semiconductor film and the third oxide
semiconductor film, and

wherein an energy level of a bottom ofa conductive band of
the first oxide semiconductor film is lower than an
energy level of a bottom of a conductive band of the
second oxide semiconductor film and an energy level of
a bottom of a conductive band of the third oxide semi-
conductor film.

12. A semiconductor device comprising:

a gate electrode;

a gate insulating film;

a semiconductor film overlapping with the gate electrode
with the gate insulating film positioned between the
semiconductor film and the gate electrode; and

a source electrode and a drain electrode,

wherein each of the source electrode and the drain elec-
trode comprises a plurality of convex portions in an end
portion,

wherein the plurality of convex portions are each partly in
contact with the semiconductor film,

wherein an end portion of the semiconductor film is spaced
from the plurality of convex portions in a region over-
lapping with the semiconductor film in a channel width
direction, and

wherein the semiconductor film comprises an oxide semi-
conductor.

13. The semiconductor device according to claim 12,

wherein the semiconductor film comprises In, Ga, and Zn.

14. The semiconductor device according to claim 12, fur-
ther comprising: an oxide film over the semiconductor film,
the source electrode, and the drain electrode,

wherein the oxide film has an atomic ratio where an atomic
percent of In is lower than an atomic percent of In in an
atomic ratio of the semiconductor film.

15. The semiconductor device according to claim 12,
wherein directions of a-axes and b-axes are different between
crystal parts in the semiconductor film, and

wherein c-axes are aligned in a direction parallel to a nor-
mal vector of a formation surface or a normal vector of
a top surface.

16. The semiconductor device according to claim 12, fur-

ther comprising:

a substrate,

wherein the gate electrode is over the substrate.

17. An electronic device comprising the semiconductor
device according to claim 12.

18. The semiconductor device according to claim 12
wherein the source electrode and the drain electrode being in
contact with the gate insulating film.
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19. The semiconductor device according to claim 11,

wherein the energy level of the bottom of the conductive
band of the first oxide semiconductor film is continu-
ously changed to the energy level of the bottom of the
conductive band of the second oxide semiconductor film 5
at an interface between the second oxide semiconductor
film and the first oxide semiconductor film, and

wherein the energy level of the bottom of the conductive
band of the third oxide semiconductor film is continu-
ously changed to the energy level of the bottom of the 10
conductive band of the first oxide semiconductor film at
an interface between the third oxide semiconductor film
and the first oxide semiconductor film.
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